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General introduction & outline of this thesis

GENERAL INTRODUCTION

Head and Neck Cancer Regions

1

Epidemiology and etiology
Worldwide, more than 650,000 patients are diagnosed with head and neck cancer annually1.

Paranasal
sinuses

This is 4% of the total cancer incidence, accounting for 330,000 deaths each year . Head
2

and neck squamous cell carcinoma (HNSCC) is the most common type (90%) of head and

Nasal cavity
Nasopharynx

neck cancer and can be categorized based on tumor subsite (Figure 1). In the Netherlands,
approximately 2800 patients are diagnosed with HNSCC each year, predominantly

Oral cavity
Pharynx

Oropharynx

Tongue
Salivary glands

originating from the oral cavity (n=970), larynx (n=700), oropharynx (n=660), hypopharynx
(n=200), paranasal sinuses (n=130) and nasopharynx (n=70)3. Due to differences in risk

Hypopharynx
Larynx

factor exposure/etiology, there are worldwide geographical and demographic variations of
tumors of the various subsites with a male to female incidence ratio of 2-4:1. For all subsites
in general, chronic exposure to carcinogens such as smoking and alcohol consumption
may result in premalignant mucosal lesions, which can ultimately result in HNSCC4-6. Tumors
from the oropharynx and nasopharynx can also be induced by viral infections such as

Figure 1. Head and neck cancer by tumor subsite.
Source: www.cancer.gov

human papillomavirus (HPV) and Epstein-Barr virus (EBV), respectively. The prevalence of
oropharyngeal carcinomas is rising due to increased HPV exposure, in the Netherlands

A brief history of locoregionally advanced HNSCC treatment

currently 35-50% of oropharyngeal carcinomas are HPV related (RIVM.nl). HPV-related

For locoregionally advanced oropharyngeal, hypopharyngeal, and non-bulky

oropharyngeal carcinomas have a significantly better prognosis than HPV-negative tumors

laryngeal carcinoma, nonsurgical organ preservation radiotherapy (RT) with or without

and more often occur in young, white, non-smoking males . Nasopharyngeal carcinomas

chemotherapy is generally the treatment of choice. The feasibility of functional organ

are relatively uncommon in Western countries and are most prevalent in China and other

preservation by definitive RT was first established in 1991 by the Department of Veterans

Asian countries . The prognosis of HNSCC largely depends (apart from HPV status) on

Affairs’ (VA) landmark trial for laryngeal carcinoma10. Approximately two decades later, the

tumor stage at presentation. The TNM Classification of Malignant Tumors (TNM) is a

MACH-NC analysis confirmed that the addition of concomitant chemotherapy to RT (CRT)

globally recognized standard for classifying the extent of tumor spread . The extent of

resulted in an absolute 6.5 percent overall survival (OS) benefit compared to RT alone at

the local tumor (T stage) as well as the presence of lymph node metastases (N stage)

five years11. Typically, radiotherapy is administered over a protracted course of 6-7 weeks

and distant metastases (M stage) determine the overall stage (range I - IV), which can be

with daily fractions of 2 Gray (Gy) up to a total dose of 70Gy to the primary tumor and

categorized in early (stage I-II) and advanced (stage III-IV) tumors.

positive lymph nodes, in combination with elective nodal field irradiation of 46Gy in total.

7

8

9

Seventy gray is a relatively high dose and can cause varying side effects during treatment
(acute side effects; mucositis, dermatitis, dysphagia, xerostomia, fatigue) and in the months
or years following treatment (long-term side effects; fibrosis, hypothyroidism, xerostomia,
dysphagia). Cisplatin as a radiosensitizer increases radiotherapy related toxicity and in
addition may result in chemotherapy related toxicity such as bone marrow depression,
nausea and renal failure. It should be noted that CRT does not lead to a survival advantage
over surgery, but is solely offered to maintain organ function. Oral cavity carcinomas (OCC)
8

9
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are believed to be less radiosensitive and there are concerns about extensive toxicity

by several factors. First, only a few and small retrospective studies have been published

following definitive RT such as osteoradionecrosis of the mandible and pain . Surgery for

with heterogeneity in patient characteristics and primary treatment for the initial tumor,

tumors in the oral cavity is relatively less invasive compared to tumors from other subsites

e.g. RT with or without concurrent chemotherapy, or (partial) surgical resection with or

due to better surgical exposition. Although data comparing surgery with RT are limited13,14,

without adjuvant treatment. Second, the type of salvage treatment frequently differs

surgery is therefore the preferred treatment. This leaves RT with or without chemotherapy

between patients, as the term salvage is generally used for multiple treatment modalities

as an alternative for patients in whom surgery is considered unachievable, e.g. for patients

like re-irradiation, surgical resection and palliative chemotherapy26. Finally, in most studies,

who have a technically unresectable tumor (e.g. due to carotid artery encasement or

partial laryngectomies as surgical salvage for recurrent early stage larynx carcinoma are

vertebral or brain invasion), who are medically inoperable, who refuse surgery or are at

evaluated27-30, while data on advanced larynx carcinoma or other tumor subsites is scarce.

high risk to have an unacceptable functional outcome after surgery.

As prognosis and toxicity of salvage surgery primarily depend on tumor stage and type of

12

treatment, our aim was to select and pool literature according to specific criteria. In chapter
Radiotherapy as an alternative for inoperable tumors

3, we therefore performed a systematic review and meta-analysis of English literature to

Especially in patients with locally advanced OCC, surgery may lead to extensive mutilation

evaluate disease control, survival and complications after salvage surgery and specifically

and result in a disappointing five-year OS of 65% in stage III and 37% in stage IV disease .

focused on recurrent advanced stage HNSCC after definitive (C)RT.

15

Therefore, definitive CRT might be a curative alternative in selected patients when surgery
is not feasible. Heukelom et al. found that CRT for inoperable advanced HNSCC resulted

Reviewing the literature, we found that some clinically relevant questions remained

in a 40% five-year OS-rate for all different tumor subsites combined . As this treatment

unanswered. First, salvage surgery for laryngeal tumor recurrence is believed to result

is considered to yield inferior results in OCC, patients who are not candidates for curative

in better survival compared to other subsites, partly because recurrences from other

surgery are often deemed beyond cure. However, there is a lack of solid evidence to

subsites may be more challenging to resect due to nearby anatomical structures (leading

support this, as most of the available data originate from only a few small retrospective

to incomplete tumor resections). However, patient and tumor subgroups are frequently

series and not from randomized trials

. Consequently, it remains to be determined

presented by stage or by subsite, often without correcting for these factors as being

whether definitive CRT serves as a curative alternative when surgery is not possible in

confounders. Hence, it remains to be determined whether the difference in prognosis

advanced stage OCC. For this purpose, in chapter 2, we retrospectively analyzed all

per tumor subsite remains significant after adjusting for prognostic factors such as stage

patients with advanced stage OCC treated between 2000 and 2013 in our institute. For

of disease. Second, outcome after salvage surgery is commonly reported by combining

guidance in clinical decision-making, we compared this group of patients with patients

local and regional tumor recurrence data together. As both types of recurrences are

who were treated with the standard of care surgery followed by adjuvant (C)RT.

different entities that require different therapeutic approaches, a comparison of prognosis

16

17-23

is warranted. To address these topics, in chapter 4 we performed a retrospective analysis
Salvage surgery for recurrent HNSCC after (chemo)radiotherapy

of all patients treated with salvage surgery for tumor recurrence in our institute between

Unfortunately, approximately 30% of patients with advanced stage HNSCC will have a

2000 and 2016. To minimize heterogeneity, we only selected patients who received salvage

loco(regional) tumor recurrence within a few years after primary CRT. For these patients,

surgery after definitive (C)RT as primary treatment.

curative treatment options are very limited. Surgery as a last resort “salvage” treatment
should be considered in this setting, but may require extensive (and technically

Immunotherapy in combination with radiotherapy

challenging) surgery resulting significant morbidity and deterioration of quality of life.

Some patients who are candidates for organ preservation with RT are not fit for concurrent

Although this salvage surgery is known to result in poor prognosis, reported survival

cisplatin treatment because of age or pre-existing comorbidity. For these patients, RT

rates vary widely between 6-70%

with concurrent cetuximab -an epidermal growth factor receptor (EGFR) inhibitor- is an

24,25

10

. This variation in reported survival can be explained

11
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alternative for cisplatin. Unfortunately, five-year OS after cetuximab-RT is below 50%31,

inhibitory escape mechanism. The working mechanisms of anti-PD-L1 and cetuximab thus

highlighting the need for complementary treatment regimens.

seem to be complementary and are likely to reinforce each other’s anti-cancer efficacy.
However, combining anti-PD-L1 with cetuximab-RT in patients with advanced HNSCC

Over the last decade, immunotherapy has revolutionized cancer treatment. It forms a

is challenging as HNSCC patients are relatively fragile and characterized by older age,

new and fundamentally different pillar among the mainstay of cancer treatments such as

extensive comorbidity and a history of smoking or alcohol abuse. As conventional RT for

surgery, radiotherapy and chemotherapy. Unlike chemo- and radiotherapy, which directly

HNSCC is accompanied by considerable toxicity, it must be evaluated whether the addition

act on cancer cells as cytotoxic agents, immunotherapy directly targets the immune system

of ICB is safe. In chapter 5, we therefore tested the feasibility of immuno-radiotherapy. We

and augments its capacity to kill tumor cells. HNSCC can escape cytotoxic T lymphocyte

report on our phase-I BIR trial (NCT02938273), combining a PD-L1 immune checkpoint

(CTL) mediated cell death by presentation of the inhibitory programmed death ligand 1

inhibitor (avelumab) with standard of care cetuximab-RT for patients with advanced stage

(PD-L1) on its cell surface, that binds with the PD-1 receptor on CD8 T cells . By blocking

HNSCC who are unfit for cisplatin treatment.

32

this PD-1/L1 axis with a monoclonal antibody, the immune system may be unleashed to
clear the cancer. In 2nd line treatment for platinum refractory recurrent and metastatic
HNSCC, PD-(L)1 immune checkpoint blockade (ICB) by nivolumab leads to a 19% absolute
survival benefit at one year (36% versus 17%), with a better quality of life compared to
conventional chemotherapy33. Comparable results have been reported for pembrolizumab
in 2nd line treatment34, but also pembrolizumab monotherapy in first line treatment for
recurrent and metastatic HNSCC versus standard of care EXTREME chemotherapy resulted
in an 11% and 16% increase in 2-year OS rates in patients with PD-L1 positive tumors with
a combined positive score (CPS) ≥1 and ≥20, respectively35.
Now that we know that ICB monotherapy is effective in recurrent metastatic HNSCC, it is
of interest to test this in combination with standard of care in the curative setting. There
is solid biological rationale for the combination of a PD-(L)1 antibody with cetuximab-RT
in advanced stage HNSCC (Figure 2). Cetuximab primarily acts as a proliferation inhibitor
through EGFR binding on tumor cells. Also, cetuximab binds to NK cell receptors resulting
in NK cell activation to directly kill cancer cells in the tumor microenvironment and to
activate dendritic cells presumed to initiate (novel) T-cell priming in lymph nodes. The
IFN-γ–dependent dendritic cell (DC) maturation with consequent (novel) EGFR-specific
CTL priming, is called ‘cetuximab induced CD16-NK cell-mediated antibody-dependent
cellular cytotoxicity’ (ADCC)36-38. During priming, help signals are relayed from CD4+ T cells
to CD8+ T cells by specific dendritic cells in peripheral lymphoid organs to optimize the
magnitude and quality of the CTL response in the tumor microenvironment39. RT, however,
is known to inhibit an effective CTL response by upregulation of PD-L1 on tumor cells40. By

Figure 2. Mechanisms of synergy between cetuximab and PD-(L)1 immune checkpoint inhibition.
Cetuximab on tumor cells binds to NK cell receptors resulting in NK cell activation and dendritic cell (DC)
maturation, which augments T cell priming in the lymph nodes and cytotoxicity in the tumor microenvironment.
Tumor cells cannot escape from an effective cytotoxic T cell response by blocking PD-(L)1.
Abbreviations: CD, cluster of differentiation; EGFR, epidermal growth factor receptor; IFN-γ, interferongamma; MDSC, myeloid-derived suppressor cell; NK, natural killer; PD-1, programmed death receptor 1; PD-L1,
programmed death-ligand 1; Treg, regulatory T cells.
Adapted from Ferris et al, Cancer Treatment Reviews 2018.

combining cetuximab-RT with a monoclonal human PD-L1 antibody, we aim to block this
12

13
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Immunotherapy in combination with surgery

dual checkpoint blockade prior to extensive curative surgery in locally advanced HNSCC

From chapter 2, 3 and 4 we have learned that surgery with or without adjuvant RT for

patients. In this chapter, feasibility and pathological response data from the phase IB/II

advanced HNSCC results in a disappointing five-year OS of approximately 50% in first

IMCISION trial are presented (NCT03003637).

line and 30% after salvage surgery for locoregional recurrences15,41,42. As described earlier,
PD-(L)1 ICB has great potential to improve clinical outcome for advanced HNSCC patients.
Anti-PD-1 (nivolumab) treatment responses may be augmented by the addition of antiCTLA-4 (ipilimumab), resulting in further expansion of Th1-like CD4+ effector cells and
enhancement of cytolytic CD8+ cell activity43 (Figure 3). Although improved disease-free
survival (DFS) has been reported with this combination in cutaneous melanoma44, in
metastatic HNSCC DFS following the combination of anti-CTLA-4 with anti-PD-(L)1 was
equal to anti-PD-(L)1 monotherapy45,46. However, a potential additive effect of anti-CTLA4
to anti-PD1 immunotherapy with respect to OS in earlier stage disease still needs to be
investigated, as patients with a relatively favorable performance score and relatively low
tumor burden tend to have a better response to ICB47. From pre-clinical mouse models,
we know that neoadjuvant (before surgery) ICB leads to more tumor-reactive gp70
tetramer-specific CD8+ T cells compared to adjuvant (after surgery) ICB48. In addition, a
small trial for stage III melanoma comparing neoadjuvant versus adjuvant ipilimumab plus
nivolumab showed that neoadjuvant immunotherapy leads to higher expansion of tumorresident T cell clones in the circulation49. From these observations, it was hypothesized
that ICB efficacy might be improved in the neoadjuvant setting because of better tumor
visibility for the immune system. For non-metastatic HNSCC treated in a curative setting,
it is therefore of interest to evaluate the efficacy of neoadjuvant single (nivolumab) or
combination (nivolumab and ipilimumab) checkpoint inhibition prior to curative surgery.
However, neoadjuvant ICB may be particularly challenging in HNSCC, as patients are often
fragile due to extensive comorbidity and high incidence of multiple previous treatments
for primary or recurrent tumors. Furthermore, it is imperative that patients with HNSCC
have surgery within six weeks of diagnosis, as surgery performed at a later time point
is associated with a higher hazard of death50. Neoadjuvant nivolumab with or without
ipilimumab prior to surgery may cause immune-related toxicity that may cause delay of

Figure 3. Anti-PD-1 (nivolumab) and anti-CTLA-4 (ipilimumab) mechanism of action. A&B: priming phase in
peripheral lymph nodes, C&D: effector phase in tumor microenvironment.
(A) APCs display tumor antigens and B7 (CD80/CD86) molecules to CD8 T cells. CTLA-4 and CD28 are expressed
on T cells and compete for binding to B7. CTLA-4 has a higher affinity for B7 and CTLA-4:B7 binding leads to T
cell deactivation. (B) Anti-CTLA-4 antibodies prevent CTLA-4:B7 binding and allow CD28:B7 binding leading
to T cell activation. (C) Binding of PD-1 on T cells to PD-L1 on tumor cells causes T cell deactivation. (D) AntiPD-1 antibodies prevent PD-1:PD-L1 binding and restore T cell activation and killing of tumor cells via release
of cytolytic molecules.
Abbreviations: APCs, antigen-presenting cells; MHC, major histocompatibility complex; CTLA4, cytotoxic
T-lymphocyte-associated antigen-4; TCR, T cell receptor; PD-(L)1, programmed death (ligand) 1
Source: Davies et al, cancer management and research 2014

standard of care surgery, thus potentially threatening adherence to this six-week treatment
window. Finally, patients with advanced HNSCC require extensive surgery, often combined

Biomarkers for immunotherapy response

with free-flap reconstruction of the surgical defect and postoperative (C)RT. Increased

Despite of the great potential benefit from ICB, currently only a minority of HNSCC

postoperative toxicity (e.g. impaired wound healing) would therefore be detrimental.

patients will have a durable response as observed in two large phase III trials33,35. Therefore,

In chapter 6, we therefore evaluated the toxicity and safety of neoadjuvant single and

biomarkers for adequate patient selection are of utmost importance and translational

14

15
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research is needed to find more targets for treatment (combinations). Although some

called radiomic signatures also have prognostic power in HNSCC61. While many researchers

interesting immunologic biomarkers have been identified, all lack a one-on-one correlation

investigated response prediction before treatment, we believe that improvements

with treatment outcome and further development is required for actual implementation in

in response monitoring during and after treatment will be of significant value, if not

daily clinics. In chapter 6 we performed an exploratory analysis to understand how these

essential. Conventional radiologic imaging by MRI or FDG-PET is not sufficient in detecting

biomarkers can complement the immunotherapy landscape in patients with advanced

molecular residual disease after treatment and anatomical changes indicating treatment

HNSCC. First, we evaluated PD-L1 status by using the Combined Positive Score (CPS), as

response develop in the course of weeks or even months. In addition, serial imaging

the response on PD-(L)1 ICB logically depends on the amount of PD-L1 ligand that is

would be quite burdensome and above all, costly. Over the last few years, tremendous

expressed

. This technique is however limited by some technical and biological issues

improvements have been made in the development of “liquid biopsy” circulating tumor

and more importantly, objective responses have also been observed in PD-L1 negative

DNA (ctDNA) assessment. Tumors continually shed DNA into the circulation, where it

samples . Another factor that has been associated with response to ICB in multiple cancer

can be detected and quantified62. This ctDNA has been proven to be a highly sensitive

types is the ‘tumor mutational burden’ (TMB), e.g. the number of mutations within a tumor

biomarker and it directly reflects tumor burden in multiple tumor types63-67. Moreover, the

genome53. Cancer mutations may give rise to mutated proteins that are degraded into

presence of ctDNA after treatment indicates residual disease and is likely to be a marker for

peptides (neo-epitopes), subsequently presented by the major histocompatibility complex

relapse68,69. One of the main advantages of ctDNA is that it can be assessed by less invasive

(MHC) on the tumor cell surface54. These neoantigens can be recognized as ‘foreign’ by the

procedures, for instance blood draws and saliva collection, instead of by tumor biopsies

immune system and show an increased likelihood of response to checkpoint inhibition

,

during examination under anesthetics. By obtaining serial liquid biopsies during and after

independent of for instance PD-L1 status . As HNSCC belong to the group of tumors with

treatment, we might have an additional or better tool for response evaluation than with

a high TMB, we evaluated its role in the neoadjuvant, curative setting. Last, as the presence

conventional imaging. This would be beneficial to detect recurrences in an earlier stage,

of tumor-infiltrating lymphocytes (TILs) in the tumor microenvironment is known to be

thereby increasing the chances of a successful salvage treatment. More importantly, an

prognostic in HNSCC , we analyzed the predictive value of multiple immune infiltrate

early response parameter during treatment could help to identify patients who have a

phenotypes by immunohistochemistry before and the effect of ICB on the immune

good or poor treatment response and might benefit from treatment adaptation, such

infiltrate after treatment. In parallel, we analyzed 47 immune-related gene expression

as radiotherapy dose (de)-escalation. In chapter 7, we describe an ongoing prospective

signatures on the NanoString nCounter® platform (IO360 panel) to compare immune

non-randomized observational study for 70 patients with stage II-IV HNSCC, scheduled

signature changes between single- and dual ICB.

for primary curative radiotherapy (with or without cisplatin or cetuximab) in our institute.

51,52

35

55,56

57

58

59

Our main objective is to assess ctDNA in blood and saliva before, during and after primary
Radiotherapy response evaluation and treatment adaptation

curative RT for HNSCC and to determine the prognostic value of ctDNA and as a predictor

To date, there are multiple known clinical predictive and prognostic factors for treatment

for treatment response in respect to conventional imaging. With this study, we aim to

outcome in HNSCC patients, including TNM stage, physical condition, HPV and smoking

reveal ctDNA as an effective tool for future dose (de)-escalation trials in HNSCC.

status. Treatment response and clinical outcome can, however, not be predicted with
sufficient accuracy with these clinicopathological factors alone. Genetic markers might add

OUTLINE OF THIS THESIS

valuable predictive and prognostic information. In HNSCC patients receiving definitive CRT,
it was recently discovered that co-occurring CCND1 and CDKN2A mutations are associated

For advanced stage oral cavity carcinoma (OCC), surgery is primary treatment of choice.

with a poor outcome, highlighting the prognostic potential of tumor genetics for response

Although patients who are not candidate for surgery are often considered beyond cure,

on CRT . In addition, a group from Maastricht has found that underlying tumor gene-

we believe that definitive chemoradiotherapy (CRT) might be a curative alternative in

expression patterns are associated with quantitative image features and that these so-

selected patients. To support this hypothesis, in chapter 2 we retrospectively analyzed all

60

16
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salvage surgery should be considered as a last resort curative treatment option. However,
there is a wide variety in reported outcome as there are only small and heterogeneous
studies available. In chapter 3, we therefore performed a systematic review and metaanalysis of clinical outcome after salvage surgery for loco(regional) recurrent advancedstage HNSCC following primary radiotherapy or chemoradiation. Evaluating the literature,
some clinically relevant questions remained unanswered. In chapter 4, our purpose was
to define specific subgroups of patients that would benefit from salvage surgery. We
performed a retrospective analysis of 189 patients from our institute and specifically
focused on differences in prognosis per tumor subsite and differences in prognosis after
salvage surgery for local, regional and locoregional recurrences. From the above, we have
learned that we are in need for complementary treatment strategies to improve clinical
outcome. As PD-1/PD-L1 immune checkpoint blockade (ICB) is proven to result in an overall
survival benefit in metastatic HNSCC, the primary objective of this thesis was to evaluate
ICB in the curative setting. In chapter 5 we report on the results of our phase-I feasibility
BIR trial, combining a PD-L1 immune checkpoint inhibitor (avelumab) with cetuximab-RT in
patients with advanced HNSCC who are unfit for concurrent cisplatin treatment. In chapter
6, safety and efficacy data from the phase IB/II IMCISION trial are presented, evaluating
anti-PD1 (nivolumab) with or without anti-CTLA4 (ipilimumab) prior to (salvage) surgery
for advanced HNSCC. In this trial, we also performed an exploratory analysis of some key
immunologic biomarkers to learn which patients can best be selected for neoadjuvant
ICB. Next to immunotherapy response prediction, additional tools for disease monitoring
during and after treatment would be of great clinical value to detect tumor recurrence
in an earlier stage and to identify patients that have a good (or poor) treatment response
and might benefit from treatment adaptation. In chapter 7, we describe an ongoing
prospective non-randomized observational study for 70 HNSCC patients treated with
definitive radiotherapy in our institute. Our objective is to determine the prognostic value
of serial ctDNA monitoring in respect to conventional imaging, and to reveal ctDNA as an
effective tool for future dose (de)-escalation trials in HNSCC.
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ABSTRACT

INTRODUCTION

Objective: To compare outcome after definitive (chemo)radiotherapy (CRT group) with

Head and neck squamous cell carcinoma is the 7th most common cancer in men and the

standard of care (surgery group) for advanced stage oral cavity carcinoma (OCC). Although

9th most common cancer in women in The Netherlands. Per year, 900 out of 2900 head

definitive (chemo)radiotherapy is assumed to be inferior to surgery with respect to disease

and neck cancer patients are diagnosed with oral cavity carcinoma (OCC)1. Although there

control, data on outcome of this approach are scarce.

has been a shift towards organ preservation treatment in other head and neck cancer
subsites2, the standard of care for advanced oral cavity cancer is surgery with adjuvant

Methods: Retrospective analysis by chart review (2000-2013). Endpoints were locoregional

(chemo)radiotherapy (CRT). However, especially in patients with locally advanced disease,

control (LRC), disease-free survival (DFS), disease specific survival (DSS) and overall survival

this surgery may lead to extensive mutilation and results in a disappointing 5-year overall

(OS).

survival of 65% in stage III and 37% in stage IV disease3. Therefore, definitive CRT may be
a possible curative alternative when surgery is not feasible or may lead to unacceptable

Results: Between the CRT-group (n=100) and Surgery-group (n=109), baseline

loss of functionality. As reported by Heukelom et al, CRT for inoperable head and neck

characteristics were equally distributed except stage and local tumor diameter (all p≤0.001).

carcinoma resulted in 40% 5-year overall survival, when all different tumor subsites were

In the CRT group, at 5 years the LRC rate was 49%, DFS 22%, DSS 39% and OS 22%. In the

combined4. However, this treatment modality is known to yield inferior results in OCC

surgery group, at 5 years the LRC rate was 77%, DFS 45%, DSS 64% and OS 45%. The survival

compared to other subsites. Consequently, patients who are not candidate for curative

curves of the two groups significantly differed for LRC (p<0.001), DFS and DSS (p=0.001)

surgery are often considered beyond cure. However, there is a lack of solid evidence to

and OS (p=0.002). After adjusting for confounders and prognostic factors, we found a

support this, as most of the data are available from few and small retrospective studies

significant difference between the treatment groups in LRC (adjusted HR=2.88, 95%CI

and not from randomized trials5-11. Consequently, it remains to be determined whether

1.35-6.16, p=0.006). Within 100 days, 5 patients (5%) died from treatment-related toxicity

definitive CRT serves as a curative alternative when organ preservation is not possible

in CRT group and 1 patient after surgery (p=0.21).

in advanced stage OCC. For this purpose, we retrospectively analyzed all patients with
advanced stage OCC treated between 2000 and 2013 in our institute. We addressed the

Conclusions: Although surgery with adjuvant radiotherapy for advanced stage OCC results

following research question: what is the locoregional control (LRC), disease free survival

in favorable locoregional control, definitive (chemo)radiotherapy is a curative alternative

(DFS), disease specific survival (DSS) and overall survival (OS) after definitive (chemo)

in patients often considered beyond cure and should be considered when surgery is not

radiotherapy? For guidance in clinical decision-making, we compared this group of patients

feasible.

with patients who were treated with surgery followed by adjuvant (chemo)radiotherapy.

PATIENTS AND METHODS
Patients
We retrospectively analyzed all patients with advanced stage squamous cell carcinoma of
the oral cavity (OCC) between 2000 and 2013 in the Netherlands Cancer Institute - Antoni
van Leeuwenhoek (NKI-AVL), treated with definitive (chemo)radiotherapy (further referred
to as CRT group) or with standard of care, i.e. surgery and adjuvant (chemo)radiotherapy
(surgery group). In total, 100 and 109 patients were identified, respectively. See Table 1 for
26
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a detailed overview of baseline characteristics. All patients were staged according to the

Table 1. (Continued)
CRT (n=100)

American Joint Committee on Cancer (AJCC) staging manual 7th edition12 based on clinical

Variable

examination, ultrasonography and MRI. A contrast-enhanced CT-scan was performed in
metastases. After 2007, FDG-PET was gradually introduced. Tumor size was assessed by

Table 1. Patient and tumor characteristics at baseline

Patients

Age, mean (SD)

%

Surgery (n=109)
Patients

62 (14)
66

%

61 (12)
66

71

65

ASA score
79
14
7

79
14
7

100
9
0

92
8
0

35
43
9
13

35
43
9
13

50
45
12
3

46
41
11
3

20
53
13
14

20
53
13
14

23
59
25
2

28

44
56

73
36

67
33

III
IVA
IVB

17
72
11

17
72
11

36
72
1

33
66
1

8a
2
0
90

8
2
0
90

5
0
1
103

40
29
12
14
5

29
39
13
22
6

p<0.001
4.1 (1.0-8.1)
8

3.0 (0.3-9.0)
4

All patients received IRT as primary treatment, not postoperative
<5 cases; cheek and hard palate
PDT = photodynamic therapy
NB: Not all percentages sum up exactly to 100% due to rounding errors

Treatment, CRT group

total glossectomy. Treatment characteristics are described in Table 2.
All patients were considered for platinum-based concurrent chemoradiotherapy. Multiple
dose regimens have been administered both intravenous and intra-arterial, e.g. daily

5
0
1
94

cisplatin (6 mg/m2), low dose (40mg/m2 weekly), high dose cisplatin i.v. (100mg/m2 on
day 1, 21 and 43) and 150 mg/m2 i.a. weekly in the first 4 weeks of treatment. Patients
received daily cisplatin mainly due to age; they were on average older than in the high
dose cisplatin group (mean 68 versus 55 years, respectively; p<0.001). In the daily cisplatin

p=0.31
40
29
12
14
5

p<0.001

removal of the tumor, mostly due to extensive tumor growth, or (2) tumors requiring (sub)

p=0.24

27
36
12
20
6

T stage
1-2
3-4

44
56

Criteria for (functional) irresectability were (1) no functional reconstruction possible after

21
54
23
2

Tumor site
Mobile tongue
Floor of mouth
Retromolar trigone
Alveolar process / gingiva
Otherb

p=0.90

b

p=0.36

Previous treatment
Surgery
Laser + PDT
Radiotherapy
None

a

p=0.59

Smoking status
No
Yes
Former
Unknown

p=0.59

p-value
p=0.001

0-1
2-3

median (range)
Unknown

p-value

p=0.13

Alcohol abuse
No
Yes
Former
Unknown

%

Local tumor diameter, in cm

CRT (n=100)

1-2
>2
Unknown

Patients

Stage

the largest tumor diameter.

Sex, male

%

N stage

patients not eligible for MRI. Workup further included a chest X-ray to exclude distant

Variable

Patients

Surgery (n=109)

group, tumors were smaller than in the high dose group (median 3.5 cm versus 5 cm,
p=0.03) and patients were more often treated for different HNSCC before (p=0.01). Four
out of eighty-three patients (5%) only received one dose of 100mg/m2 cisplatin due to
nephrotoxicity. Three of these patients further received carboplatin.

p<0.001
10
90

10
90

43
66

39
61

Approximately 50% of patients was treated with 3D conformal radiotherapy between 2000
and 2005. Intensity modulated radiotherapy (IMRT) was introduced in 2006. Radiation
29
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treatment consisted of an elective irradiation dose of 46 Gy in 23 fractions (sequential) or
54.25 Gy in 35 fractions (concomitant) followed by a boost to the primary tumor and the
involved nodes resulting in a total dose of 70 Gy. One patient received an alternative dose
scheme of 20x3Gy without concurrent systemic treatment because of a poor performance
status.
Treatment, surgery group
All patients were treated by composite or local resection. For surgical procedures, see
table 2. After resection, no patients had macroscopically unclear resection margins. Based
on type and number of risk factors, post-operative radiotherapy was administered to all
patients. Elective field irradiation was applied as described above, followed by a boost
to the primary tumor bed and the involved nodes to a total dose of 56 Gy and 66 Gy in
case of microscopically unclear margins or extra capsular extension. All 21 patients who
received concurrent chemotherapy completed 2 or more cycles.
Outcome measures
Primary outcome measures were locoregional control (LRC), disease free survival (DFS),
disease specific survival (DSS) and overall survival (OS). All these outcomes were evaluated
from the start time of RT treatment. LRC was measured until local, regional, locoregional
recurrence or end of follow-up. DFS was measured until local, regional, locoregional
recurrence, distant metastasis, death or end of follow-up. DSS and OS were evaluated until
the time of death due to recurrent disease and death due to all causes, respectively, or end
of follow-up. Postoperative complications and radiotherapy related toxicity were scored
by chart review available from records of hospitalization or chart review of the outpatient
clinic. As complications are frequently underreported, we only focused on CTCAE grade ≥
3 complications for which intervention was indicated, e.g. coiling for oral arterial bleeding,

Definitive (C)RT versus standard of care for oral cavity carcinoma
Table 2. Treatment characteristics
CRT (n=100)
Variable

Patients

%

89
3
8

89
3
8

17
83

17
83

Surgery (n=109)
Patients

%

Reason for Radiotherapy
Functional inoperable
Comorbidity
Patients preference

NA
NA
NA

2

Concurrent systemic treatment
None
Platinuma

85
24

78
22

NA
NA

32
77

14
86

NA
NA
NA

78
27
4

72
25
4

NA
NA
NA
NA

19
68
18
4

17
62
17
4

NA
NA
NA
NA
NA
NA

18
27
19
5
8
32

17
25
17
5
7
29

Surgery
Transoral resection
Composite resection
Neck dissection
Unilateral
Bilateral
None
Neck dissection
Selective
Modified
Selective + Modified
None
Reconstruction, flap
Fibula
Free radial forearm
Pectoralis major
Lateral upper arm
Rest
None

NA = not applicable
a
Cisplatin dose in the CRT group: daily 6mg/m2 (n=28), low dose 40 mg/m2 (n=2), high dose 100 mg/m2
i.v. (n=31) and 150 mg/m2 i.a. (n=19), unknown (n=3). In the Surgery group: daily 6mg/m2 (n=5) and high
dose (100mg/m2) (n=19)
NB: Not all percentages sum up exactly to 100% due to rounding errors

chronic anesthetics for radiation ulcers, re-operation for wound necrosis and hyperbaric
oxygen or surgical intervention for osteoradionecrosis.
Statistical methods
Characteristics between treatment groups or subgroups were compared using X2 test,
Fisher Exact test, independent sample T-test and Mann-Whitney U test. Disease control
and survival curves were calculated with Kaplan-Meier method and compared between
the two treatment groups or subgroups using log rank test. Bivariable Cox models were
used to find confounders, i.e. covariates that changed the treatment group comparison
30
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univariate hazard ratio by more than 10%, and prognostic factors, i.e. covariates with p<0.10.

(adjusted HR=2.88, 95%CI 1.35-6.16, p=0.006). In the CRT group, LRC for those patients who

Potential candidates were: age (continuous variable in years), gender, comorbidity (ASA 1-2

received concurrent chemotherapy was not significantly different from those treated with

versus ≥2), alcohol and smoking status (no versus former / current), tumor subsite (mobile

radiotherapy alone (p=0.70). At 5 years, LRC was 51% and 39%, respectively. There was no

tongue versus floor of mouth), T stage (1-2 versus 3-4), tumor diameter (continuous variable

difference in locoregional control between daily and high dose cisplatin groups (p=0.15).

in cm), N stage (N0-1 versus N2-3), TNM stage (III versus IV), and concurrent chemotherapy
(0-1 versus ≥2 cycles). We also included salvage therapy as a time-dependent covariate

Table 3. Tumor recurrences and cause of death

2

in the Cox models in order to correct for the treatment occurrence during follow-up.

CRT

Final multivariable models included all confounders and prognostic factors. All statistical

Site

analyses were performed using IBM Statistical Package for the Social Sciences (SPSS) version

Locoregional recurrence

22.0.

Local
Regional
Locoregional
None

RESULTS

Surgery

Patients

%

Patients

%

33
9
7
51

33
9
7
50

12
10
2
85

11
9
2
78

17
81
2

17
81
2

17
92
0

16
84
0

57
40
3

57
40
3

33
76
0

30
70
0

16
79
5

16
79
5

41
63
5

38
58
5

21
46
8
12
5
8

21
46
8
12
5
8

46
33
11
17
1
1

42
30
10
16
1
1

Distant metastasis
Yes
No
Unknown

Demographics
The median follow-up was 13 months (0-154) in the CRT group and 38 months (1-147) after
surgery. The median overall survival was 13 months (95% CI 7-19) and 46 months (95% CI

Tumor status
Present
Absent
Unknown

19-73), respectively. Patients in the CRT group had significantly larger tumor diameter in
comparison to patients in the surgery group and more advanced disease (all p≤0.001). See
Table 1 for a detailed overview.

Patient status
Alive
Deseased
LTFU

Local and locoregional control
A total of 33 (33%) and 12 (11%) patients had local recurrence in the CRT and the surgery

Cause of death

group, respectively (p<0.001). A detailed overview of tumor recurrence site is shown in

None
Recurrent disease
2nd primary (local and distant)
Intercurrent diseasea
Treatment complicationb
Unknown

Table 3. Sixty-one patients had cT4a tumors in the CRT group compared to 47 patients in the
surgery group (p=0.01). For cT4a tumors, the local control (LC) curves significantly differed
between the treatment group (p<0.001) and the 5 years rates were 46% for the CRT group
and 82% for the surgery group. In the CRT group, 15 patients received salvage surgery
with curative intent for loco(regional) recurrence (10 patients) and regional recurrence (5
patients). Eight of 15 patients were successfully salvaged. In the surgery group, 2 patients
received salvage surgery for local and regional recurrence, both with success. As depicted

Known disease, not tumor related
CRT group: myocard infarction (n=2), acute liver insufficiency (n=1), aspiration pneumonia (n=1),
neutropenic fever (n=1)
Surgery group: carotid artery blow-out (n=1)
NB: Not all percentages sum up exactly to 100% due to rounding errors
a

b

in Figure 1A, the overall locoregional control (LRC) curves significantly differed between
CRT and surgery (p<0.001) with a 5-year LRC rate of 49% for the CRT group and 77% for the
surgery group. As depicted in Table 4, patients in the CRT group had significantly higher
risk of developing locoregional recurrence in comparison to patients in the surgery group
32
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Table 4. (Continued)

Disease free- and disease specific survival
At the end of follow up, tumor was present in 57 patients (57%) in the CRT group and in 33
patients (30%) in the surgery group. Disease free survival (DFS) rate at 5 years was 22% in the

Disease Specific Survival (DSS)
Treatment
Smoker

CRT group and 45% in the surgery group. Corresponding disease specific survival (DSS) rate

ASA

at 5 years were 39% in the CRT group and 64% in the surgery group (Figure 1B). For both DFS

Tumor diameter

and DSS, the survival curves were significantly different between the two treatment groups

N stage

(p<0.001 and p=0.001, respectively). When controlling for confounders and prognostic

Stage

factors, we did not find a statistically significant difference between both groups for DFS
(adjusted HR=1.39, 95%CI 0.83-2.33, p=0.21) and DSS (adjusted HR=1.52, 95%CI 0.89-2.58,
p=0.13). See Table 4 for an overview of multivariable Cox analyses. After subgroup analysis in

Age
Tumor diameter
N stage

not significantly different from those treated with radiotherapy alone (p=0.76 and p=0.51,

Stage

difference in DFS (p=0.29) and DSS (p=0.23) between daily and high dose cisplatin groups.
Table 4. Multivariable Cox analyses
Locoregional Control (LRC)
Treatment
Salvage surgery

HR

95% CI

p-value

(surgery / CRT)

2.882

1.349

6.155

0.006

(yes / no)

0.236

0.104

0.535

0.001

Concurrent CT

95% CI

p-value

(surgery / CRT)

1.515

0.891

2.576

0.125

(no / former, current)

0.633

0.357

1.121

0.117

(1-2 / 3-6)

0.800

0.284

2.251

0.673

(in cm)

1.122

0.960

1.311

0.147

(N0-1 / N2-3)

1.491

0.857

2.593

0.158

(III / IV)

1.716

0.814

3.618

0.156

(surgery / CRT)

1.533

0.956

2.457

(in years)

1.023

1.007

1.039

0.006

(in cm)

1.179

1.055

1.316

0.004

Overall Survival (OS)
Treatment

the CRT group, DFS and DSS for those patients who received concurrent chemotherapy was
respectively). At 5 years, DFS was 24% versus 14% and DSS was 37% versus 42%. There was no

HR

HR

95% CI

2

p-value
0.078

(N0-1 / N2-3)

1.212

0.796

1.846

0.369

(III / IV)

1.473

0.882

2.460

0.139

(0-1 / ≥2 cycles)

0.858

0.527

1.397

0.538

All prognostic covariates p<0.10 in univariate analysis or confounding covariates that changed the treatment
group comparison hazard ratio by more than 10%, were further included in multivariate analysis.
For categorical variables, the first category is the reference category.
Patients with missing covariate information were excluded from the models (LRC n=31, DFS n=42, DSS n=39,
OS n=32)
CT = chemotherapy, CRT = chemoradiotherapy

Smoker

(no / former, current)

0.746

0.339

1.638

0.465

Overall survival

Alcohol abuse

(no / former, current)

0.603

0.287

1.268

0.182

Five patients in the CRT group and 5 patients in the surgery group were lost to follow

(1-2 / 3-6)

1.025

0.348

3.014

0.965

(0-1 / ≥2 cycles)

0.684

0.333

1.408

0.303

up (LTFU). In the two groups, respectively 79 and 63 patients died. Cause of death was

ASA
Concurrent CT
Disease Free Survival (DFS)

HR

95% CI

p-value

unknown in 9 patients. Rest of the patients died due to recurrent disease, 2nd primary tumor,

(surgery / CRT)

1.390

0.829

2.329

0.212

intercurrent disease or treatment complications (Table 3). As shown in Figure 1C, the overall

Salvage surgery

(yes / no)

0.564

0.288

1.107

0.096

survival differed between the two groups (p=0.002) and the 5-year OS-rates were 22%

Age

(in years)

1.023

1.006

1.040

0.007

and 45%, respectively. However, as shown in Table 4, comparison of OS hazards showed

Treatment

Gender

(male / female)

0.715

0.455

1.125

0.147

a not statistically significant difference between both groups (adjusted HR=1.53, 95%CI

Smoker

(no / former, current)

1.020

0.543

1.915

0.952

0.96-2.46, p=0.08). In the CRT group, the OS for those patients who received concurrent

Alcohol abuse

(no / former, current)

0.777

0.480

1.256

0.302

(in cm)

1.179

1.046

1.328

0.007

(N0-1 / N2-3)

1.137

0.722

1.792

0.579

(III / IV)

1.548

0.906

2.644

0.110

(0-1 / ≥2 cycles)

0.847

0.499

1.439

0.540

Tumor diameter
N stage
Stage
Concurrent CT
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chemotherapy was not significantly different from those treated with radiotherapy alone
(p=0.71). At 5 years, OS was 24% and 14% respectively. There was no difference in OS
between daily and high dose cisplatin groups (p=0.41).
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Locoregional Control (LRC) %
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B

100

C

100

80

ASA-1, one patient was ASA-2 and two patients were ASA-3. The only patient who died from
treatment related toxicity (arterial blow out) in the surgery group was ASA-1.

80

Surgery
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0
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Figure 1a-c. Disease control and survival Kaplan-Meier curves
Differences between survival curves were tested by log rank test. Dashed line: CRT group. Solid line: Surgery
group. (A) Locoregional Control (5-years rate 49% vs. 77%; p<0.001). (B) Disease Specific Survival (5-years rate
39% vs. 64%; p=0.001). (C) Overall Survival (5-years rate 22% vs. 45%; p=0.002).

Our data suggest that definitive (chemo)radiotherapy is a curative alternative when surgery
is not feasible. Although at 5 years only one-fifth of all patients were alive and disease-free
in the CRT group, we found a 5-year disease specific survival of 39%. As most of these
patients are regarded to be beyond cure in many oncologic centers, these survival data
are considerable. However, surgery with adjuvant (chemo)radiotherapy remains treatment
of choice for advanced stage oral cavity carcinoma.
Our observed locoregional control and survival data are in line with previously reported

Toxicity

5-year PFS of 21-66% and 5-year OS of 17-67% after chemoradiation for advanced stage

In the surgery group, a re-operation was needed (necrectomy or free flap transposition) for

OCC, the 3 largest series in literature considered5,6,10. Gore et al.6 also observed better

wound necrosis in 19/109 (17%) of patients. After definitive (chemo)radiotherapy, 5 patients

disease control and survival after surgery compared to chemoradiation. Interestingly,

needed chronic anesthetics for extensive pain. In the CRT group and surgery group, coiling

Stenson et al.10 found, in contrast to our results, no difference in progression free survival.

or coagulation was indicated for arterial bleeding in 2 and 4 patients, respectively. Moreover,

However, it is not clear if baseline characteristics of these groups were comparable. In

osteoradionecrosis (ORN) was observed in 4 patients (4%) in the CRT group. One patient was

addition, Stenson and colleagues observed 67% overall- and 66% progression-free survival.

treated with hyperbaric oxygen, 2 patients required sequestrectomy and 1 patient required

These relatively high percentages might be explained by the supposedly low incidence

partial mandibulectomy. Osteoradionecrosis was observed in 6 patients in the surgery

of regional metastases, although we found difficulty extracting the exact lymph node

group (7%). Two patients were treated with hyperbaric oxygen and sequestrectomy, one

status of these patients. Recently, long-term efficacy results have been published 7.5 years

patient was treated with only sequestrectomy and 3 other patients were treated with partial

after chemoradiation for inoperable head and neck carcinoma from all sites4. At 5 years,

mandibulectomy.

the authors found 63% LRC, 40% DFS, 70% DSS and 40% OS, which are higher than our
estimations. However, squamous cell carcinomas of the oral cavity are known to be more

Treatment related death

radioresistant than tumors from other head and neck subsites. Therefore, these differences

Within 100 days after end of treatment, 5 patients (5%) died from treatment-related toxicity in

are in line with what we expected as only 44 of all 237 patients in the study of Heukelom

the CRT group, compared to 1 patient (1%) in the surgery group (p=0.08). In the CRT group,

et al were treated for oral cavity carcinoma.

one patient who suffered from pre-existent cardiac ischemia died from myocardial infarction
following perioperative hypotension after receiving salvage surgery and necrotomy. The

In our study cohort of 209 patients, after controlling for confounding and prognostic

other patients did not receive salvage surgery. Death from treatment related toxicity is shown

factors we lost evidence to prove a significant difference in clinical outcome after definitive

in Table 3. In the CRT group, 79 patients were ASA-1 or 2, twelve patients were ASA-3 and two

(chemo)radiotherapy when compared to primary surgery, except for locoregional control.

patients were ASA-4. Of those who died from treatment related toxicity, two patients were

Patients in these two groups differed with respect to stage and tumor diameter, and
especially the latter factor confounded the group comparison Hazard Ratio. For the three
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survival endpoints, there was also a significant difference between treatment type when

radiotherapy with or without chemotherapy is a curative alternative when surgery is not

local diameter was not included in the multivariable model. Since we only measured

feasible.

local tumor diameter and not regional bulk, we think that this might be the reason that
the tumor diameter was not detected as a predictive factor for locoregional control.

We found a 5-7% osteoradionecrosis rate (ORN) amongst survivors in both the CRT and

When looking at only local control occurrence (data not shown), tumor diameter indeed

surgery group, which is slightly lower than 12-18% reported by others6,10. Five percent

was a prognostic factor. As discussed in the limitation section, tumor volume is of great

of patients died from treatment-related toxicity. This is mainly explained by generally

importance for response to radiotherapy. However, the role of tumor volume in response

poor physical performance, comorbidity and large tumor burden, in combination with

to surgery after successful R0 resection is probably of lesser importance, so the correlation

treatment related side effects. This is comparable with a 6-9% treatment-related death

between tumor volume and treatment outcome may very much be distinct for both

rate in other series5,10,17. Patient characteristics in our study reflect those of other published

treatments.

reports. However, this high mortality rate urges for strict selection of patients to ensure
this treatment is only offered to those who are fit enough to endure toxicity.

In contrast to data already published in the early 90’s by Zelefsky et al. , and more recently
13

confirmed by Lin et al.5, we found no correlation between disease control and the tumor

The results presented in this study are subject to several limitations. First, all data were

subsite within the oral cavity. As radiotherapy is commonly known to result in better

extracted retrospectively. As in particular toxicity is notoriously under reported in

disease control when combined with concurrent chemotherapy

, we performed a

retrospective analysis, type and frequency of toxicity should be interpreted with caution.

subgroup analysis within the CRT group and evaluated all endpoints after both definitive

Moreover, patients received definitive radiotherapy predominantly for functional

chemoradiotherapy and radiotherapy alone. Although disease specific survival (DSS) was

inoperable disease. Consequently, patients in the CRT group suffered more bulky disease.

comparable at 5 years in both treatment groups, all other endpoints were substantially

Tumor volume is of great importance for response to radiotherapy. Radio-biologically,

lower after radiotherapy alone. However, these differences were statistically not significant

the more tumor cells present, the more radiation effect is needed for favorable treatment

probably due to small patient numbers, as only 17 patients received radiotherapy alone.

response18. Considering surgery, tumor volume is mainly of great significance for the

In addition, in the high dose cisplatin group also 150 mg/m2 i.a. was administered. Those

resectability of a tumor. However, the role of tumor volume in response to surgery after

patients were treated in a multicenter phase-III trial (RADPLAT), randomizing 3x 100mg i.v.

resection is less well studied and probably of lesser importance. By definition, both study

versus 4x 150mg i.a. No significant difference was found between both treatment arms .

groups are not identical, and one must be cautious interpreting our data. In this, we

Also, different radiation techniques and treatment schedules have been applied over the

must emphasize that the observed difference in median local tumor diameter of 3.0cm

last 15 years. As a result, the study population consisted of patients treated with both

versus 4.1cm is equal to a 2.55-fold increase in tumor volume when the tumor shape is

conventional fractionations as an accelerated DAHANCA schedule, and received both

considered a sphere. However, after controlling for confounding and prognostic factors we

3D conformal radiotherapy and IMRT. In our study, we found no statistically significant

lost evidence to prove a significant difference in clinical outcome, except for locoregional

effect of all the above. As for instance the effect of radiation schedule has already been

control. Furthermore, both groups were described on comorbidity by ASA score. As this is

proven indisputably , we attribute this discordance to the small number of patients.

a retrospective analysis, we found difficulty in retrieving ECOG scores. We were not able to

However, our aim was to show clinical outcome after definitive radiotherapy with or

obtain ECOG scores in 33 patients in the Surgery group and 32 patients in the CRT group.

without chemotherapy and to mirror these results to standard of care for advanced OCC.

Therefore, ECOG was considered not representative. ASA score was not retrievable in only 7

In our opinion, the small differences in chemotherapy doses and radiation schedules are

patients as patients received pre-operative consultation for both surgery and examination

of relatively limited value for the main message of the paper, which is that definitive

under anesthetics. Also, ASA scores were discussed with one of the anesthesiologists

14,15

4

16

based on medical history. Lastly, unfortunately we were not able to evaluate quality of
38

39

2

Chapter 2

life (QoL). To eliminate bias, validated questionnaires at baseline are warranted. As this is a
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CONCLUSIONS
Definitive (chemo)radiotherapy is a curative alternative if surgery is considered not
feasible in patients with advanced stage oral cavity carcinoma. With this study, we
present a treatment alternative for patients often considered beyond cure or when organ
preservation is weighed against loss of local tumor control. Tumor stage and local tumor
diameter were significantly larger in the CRT group, as these patients mostly received
definitive (chemo)radiotherapy for functionally inoperable disease. Surgery resulted in
significantly better locoregional control and remains treatment of choice for advanced
stage oral cavity carcinoma.
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ABSTRACT

INTRODUCTION

Purpose: Salvage surgery for recurrent advanced stage head and neck squamous cell

In the United States and Europe, head and neck carcinoma accounts for 3-4 percent of

carcinoma (HNSCC) is known to result in poor prognosis. As there are only small and

all malignancies1,2. Worldwide, 380,000 patients die from head and neck carcinoma each

heterogeneous studies available with wide variety in outcome measures, our purpose

year3. Radiotherapy with or without concurrent chemotherapy has been established as

was to select and pool literature according to specific criteria.

primary treatment for a variety of subsites and stages of head and neck squamous cell
carcinoma (HNSCC), with salvage surgery as last resort treatment for residual or recurrent

Methods: Systematic review and meta-analysis of clinical outcome after salvage surgery

disease. Especially in advanced stage disease, salvage surgery may result in significant

for recurrent advanced-stage HNSCC following primary radiotherapy or chemoradiation.

morbidity. However, data on clinical outcome are scarce and the reported 5-year overall
survival rate varies widely between 6-70%4,5. This broad range is explained by the following

Results: 16 of 3956 screened studies were included for analysis (729 patients). Pooled 5-yr

reasons. First, small retrospective studies have been published with heterogeneity

OS was 37% (95%CI 30-45%, 12 studies, 17 outcome measurements, 540 patients). Outcome

in patient characteristics and primary treatment for the initial tumor, e.g. radiotherapy

was presented for larynx (6 studies, 397 patients), hypopharynx (2 studies, 47 patients),

with or without concurrent chemotherapy, or (partial) surgical resection with or without

larynx and hypopharynx combined (3 studies, 69 patients) or separately (1 study, 134

adjuvant treatment. These different primary treatment modalities affect disease control

patients), oral cavity (1 study, 11 patients), oropharynx (1 study, 34 patients) and multiple

and complications after salvage surgery. Second, the type of salvage treatment differs

subsites combined (2 studies, 37 patients). There was no significant difference in survival

between patients, as the term salvage is generally used for multiple treatment modalities

outcome between subsites (pheterogeneity=0.8116). The pooled tumor-positive resection

like re-irradiation, surgical resection and palliative chemotherapy6. Consequently, outcome

margin rate was 32% and pooled re-operation rate 17%. Complication rates from the

of patients treated with different treatment modalities must be interpreted with care7.

pooled data were fistulas 33%, wound infections 24% and flap failure 3%. Treatment related

Finally, most studies specifically evaluating surgical salvage address partial laryngectomies

mortality rate was 1% and mean hospital stay was 23 days.

for recurrent early stage larynx carcinoma8-11, while data on advanced larynx carcinoma
or other tumor subsites are scarce. As prognosis and toxicity primarily depend on tumor

Conclusions: Salvage surgery for recurrent advanced stage head and neck squamous

stage and type of treatment, our aim was to assess clinical outcome after salvage surgery

cell carcinoma after primary (chemo)radiotherapy is a good last resort curative treatment

for recurrent advanced stage HNSCC after radiotherapy (RT) or chemoradiation (CRT).

option, resulting in 37% overall survival at 5-years. As data from advanced stage non-

We performed a systematic review and meta-analysis of disease control, survival and

laryngeal tumors were sparse, no solid conclusions can be drawn regarding outcome

complications after (C)RT to help healthcare providers and patients in clinical decision-

differences between tumor subsites.

making in case of recurrent disease.

MATERIALS AND METHODS
Search strategy
A comprehensive systematic review was conducted according to PRISMA guidelines,
PUBMED/MEDLINE, EMBASE-OVID and SCOPUS were used for computerized literature
search. The search was limited to English literature published from January 1985 until July
2017. Search terms in title, abstract and MeSH were salvage surgery, carbon dioxide (CO2),
46
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laser, irradiation, radiotherapy, chemoradiation, failure, recurrent, recurrence, squamous

for a more specific assessment of cohort studies concerning salvage surgery (see Table

cell carcinoma, laryngeal, oropharyngeal, glottic, oral cavity, hypopharyngeal, treatment

A1 footnote, Electronic Supplementary Material). A maximum of 8 points per study could

outcome. Studies that focused on nasopharyngeal carcinoma, melanoma and re-irradiation

be allocated. The more points, the better the results reflect our outcomes of interest.

were excluded. Relevant cross-references from other reviews or selected studies were

Systematic difference between studies of higher and lower precision and publication bias

considered. All procedures were performed in accordance with the ethical standards of

was shown by funnel plot for 5-year OS.

the institutional research committee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

Table 1. Newcastle Ottawa Scale quality assessment (MODIFIED)
Selection
(max 3 pointsa)

Comparability
(max 2 pointsb)

Outcome
(max 3pointsc)

Alcock 1992

**

*

**

Andrews 2011

**

-

***

Eligibility criteria
Retrospective cohort studies and prospective trials both with >10 patients were amendable
for inclusion. Only advanced stage tumors were of interest, as defined by the American

Chen 2013

**

**

***

Hilly 2015

***

**

***

with at least 90% of patients enduring advanced disease. we agreed beforehand that

Kadota 2010

***

*

**

less than 10% early stage disease would be acceptable, because excluding all studies

Klozar 2012

*

-

***

Koss 2014

***

*

**

Leon 2015

*

*

***

Joint Committee on Cancer (AJCC) staging manual 7th edition12. We accepted all studies

with a heterogeneous case mix would result in loss of potentially valuable data. Since
disease stage was mostly described at primary treatment or at recurrence (and not

***

*

**

both), we accepted studies with >90% of patients with stage III-IV disease at primary

Patel 2016

*

*

***

radiotherapy and/or at the time of salvage surgery. For primary treatment, we solely

Relic 2009

***

-

***

Stankovic 2015

***

*

***

Weber 2003

***

*

***

Wulff 2017

*

-

***

post-operative re-irradiation were included. Studies were excluded if neck dissections

Yuen 1995

***

*

***

for isolated regional recurrences were included and not separately described. To warrant

Yuen 1997

***

*

***

focused on definitive radiotherapy, with or without cisplatin or cetuximab. For secondary
treatment, studies concerning salvage surgery for loco(regional) disease with or without

homogeneity, we excluded studies if patients were treated for second primary tumors,
received planned neck dissection following radiotherapy or neoadjuvant radiotherapy
followed by planned surgery and when intraoperative brachytherapy or adjuvant systemic
therapy was administered.

Li 2013

3

a
Selection, maximum 3 points: (1) representativeness of the exposed cohort (all cases were considered
representative of the average patient in the community), (2) ascertainment of exposure (neck dissection
reported), (3) outcome of interest not present at start of study (no R1 resections).
b
Comparability, maximum 2 points: (1) multivariate analysis for confounding was presented, (2) evaluation
of outcome per subsite.
c
Outcome, maximum 3 points: (1) correct assessment of outcome (primary outcome specified), (2)
adequate follow-up time (minimal 2 years), (3) adequacy of follow-up of cohorts (patients lost to follow-up).

Quality assessment
Two reviewers independently selected and reviewed literature (JE and LV) according to
PRESS criteria13. All papers were screened by title and abstract and subsequently assessed

Outcome measures

on quality by the Newcastle Ottawa Scale for cohort studies (Table 1) . Studies were

Our primary endpoints were locoregional control (LRC), disease free survival (DFS) and

judged on 8 items, categorized into 3 groups: 1. the selection of the study groups, 2. the

overall survival (OS). For locoregional control data, studies with a clear description of

comparability of the groups and 3. the ascertainment of either the exposure or outcome

follow up time were included. For data pooling, we used 2-year and 5-year proportions.

14

of interest. Points were awarded for each quality item. We modified some of the criteria
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Figure 1. Literature search

To compare study outcomes, we included studies for DFS data pooling only if OS data
were also reported. Complications and duration of hospital stay were secondary objectives.
Statistical analysis
Disease control and survival rates were estimated by read out on Kaplan Meier curves
or calculated using SPSS 22 when data was tabular presented per individual patient. A
Freeman-Tukey transformation was applied to normalize and stabilize variance of the

records identified through database
searching (n=8801)

additional records through other
sources (n=0)

records after duplicates removed
(n=3956)

records screened,
title / abstract (n=3956)
records excluded
(n=3652)

proportions sampling distribution. The transformed values were used in all meta-analyses;
results were transformed back to show the pooled estimates. Pooled studies were analyzed
with Random Effects Models to account for heterogeneity between studies. For meta-

full-text articles assessed for eligibility
(n=304)

analysis, R software version 3.2.1 was used.
studies included in qualitative
synthesis (n=16)

RESULTS
studies included in quantitative
synthesis, meta-analysis (n=16)

Search results and quality assessment

records excluded (n=288)
advanced stage <90% (92)
endpoint not specified for advanced stage (18)
multiple cell types (3)
primary treatment: not (exclusively) (C)RT (39)
secondary treatment: not (exclusively) salvage surgery (14)
secondary treatment: partly only neck dissection (26)
peri-operative / adjuvant treatment after salvage (20)
no salvage, only re-irradiation (2)
follow-up insufficient / not specified (20)
<10 included patients (46)
overlap with other publications (8)

The PRISMA flowchart is presented in figure 1. After duplicates were removed, 3956 studies
(out of 8801 studies between January 1985 - July 2017) were screened on title and abstract.

Figure 1. Literature search, PRISMA flow chart

After 304 studies were assessed for eligibility, 16 studies were included. The main reason for
exclusion was advanced stage disease in <90% of patients (92 studies) and not exclusively

Nine studies reported on advanced disease in 100% of patients, in the other studies at least

radiotherapy or chemoradiation as primary treatment (39 studies). In Table 1, individual

90% of patients were treated for advanced disease at primary treatment or recurrence. Out

study quality and comparability is described. In 10 of 16 studies, 6-7 points were allocated

of 729 patients from 16 studies, there were 27 patients with early stage disease in the primary

(out of a 8 point maximum) indicating acceptable quality and comparability. A funnel plot

setting and 11 patients in the recurrent setting. That accounts for only 1-3% of all included

for transformed overall survival proportions at 5 years is shown in Figure 2. Although the

patients. Disease control or overall survival was given specifically for larynx carcinoma in 6

plot is relative symmetrical around the pooled estimate, 5 of 16 studies were outside the

studies (n=397)4,15,17,19,20,24, hypopharynx carcinoma in 2 studies (n=47)21,22 and both for larynx

triangular region, indicating considerable publication bias.

(n=79) and hypopharynx carcinoma (n=55) separately in 1 study26. In 3 studies23,25,27, disease
control was presented for both larynx and hypopharynx carcinoma combined (n=13, n=16

Patient, tumor and treatment characteristics

and n=40). One study28 evaluated salvage for recurrent oral cavity tumors (n=11) and one

Sixteen studies (729 patients) were included for qualitative analysis. Tumor and treatment

study for oropharynx tumors (n=34). In the latter, 19 of 32 evaluable oropharynx carcinomas

characteristics per study are summarized in Table 2. Authors presented age either by median

(59%) were HPV positive. In the remaining 2 studies (n=13 and n=24), primary endpoints were

(57 - 67 years in 7 studies

presented for tumors originating from multiple subsites, with no further description of HPV

) or mean (57 - 69 years in 4 studies

5,15-20

) with range and standard

4,21-23

deviation as descriptive measures. In 5 studies, we could not obtain the age of our population

status5,18. Tumor and treatment characteristics per patient are depicted in Table 3.

of interest24-28.
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Klozar 2012

Kadota 2010

Hilly 2015

Chen 2013

Andrews 2011

Alcock 1992

24

54

13

14

57

33

13

15

Patients

BRT, CRT

RT, CRT

RT, CRT

CRT

RT, CRT

CRT

RT, CRT

RT

Previous
treatment

100

46

100

X

X

X

100

100

71

38

96

X

100

100

91

X

X

Larynx

Multiple

Larynx

Larynx, Hypopharynx

Hypopharynx

Larynx

Hypopharynx

Multiple

Larynx

Tumor
site

PLE (4), TLE

Multiple

PLE (4), TLE

TLE

LPE

TLE

LPE

TLE, Mandibulectomy

TLE

Salvage type,
local

X

89

X

85

X

86

63

X

X

X

Neck
dissection (%)

Table 2. Tumor and treatment characteristics; per study

Koss 2014
100

Advanced stage (%)
Primary
Recurrence

Leon 2015
RT, CRT
100

28

59

89

Li 2013

TLE
X

Multiple

TLE
25

PLE (1), TLE

TLE
100

Oropharynx

Larynx

Larynx, Hypopharynx

TLE

Larynx, Hypopharynx

Larynx, Hypopharynx
Glossectomy

X

X

95

Larynx

100

X
X
Oral cavity

94

100
100

94

RT, CRT
100
100

CRT
RT, CRT
X

RT, CRT

RT, CRT
X

16
76

134

RT

34

Stankovic 2015
40
RT ± Brachy

Patel 2016

Weber 2003

11

167

Wulff 2017
Yuen 1995

Figure 2. Funnel plot for overall survival at 5 years
Every single transformed outcome measurement is indicated by a black dot, more than one measurement
per study is possible.

Yuen 1997

Relic 2009

5- yr Overall Survival

3

0.171

0.129
Standard Error

0.086

0.043

0

X not reported / not further specified for (sub) group
LPE = Laryngopharyngectomy; PLE = Partial Laryngectomy; TLE = Total Laryngectomy

1
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0.6
0.4
0.2
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Table 3. Tumor and treatment characteristics; per patient
Variable

Patients Variable

Subsite
Larynx
Oropharynx
Hypopharynx

oropharynx (5-yr OS, 25%), hypopharynx (5-yr OS, 52%) and oral cavity (5-yr OS, 38%)
Patients

Salvage surgery, local
496

Total laryngectomy

39

Partial laryngectomy

106

600
9

Laryngopharyngectomy

47
35

Oral cavity

11

Mandibulectomy

Multiple

77

Glossectomy

12

Unknown

26

Stage, primary
I

13 Neck dissection

II

14

III

107

Bilateral

29

IV

82

Radical

64

92

Selective

III / IV
Unknown

421

Stage, recurrence
I
II

1

Unilateral

25

178

None

230

Unknown

148

11 Transposition flap
8

III

83

Pectoralis major

47

II+III

15

Anterior lateral thigh

46

Jejunal transfer

14

Free radial forearm

11

IV
Unknown

3

55

NOS

I+II

III / IV

(pheterogeneity=0.8116). See Figure 3 for 5-year overall survival rates.

343
77
191

Primary treatment

Gastric pull up

53

Latissimus dorsi

1

Deltopectoralis

1
1

RT

395

Fibula

CRT

203

Rectus abdominus

RT / CRT

107

NOS

iCRT

16

None

BRT

8

Unknown

1
21
15
518

iCRT = induction chemotherapy, followed by chemoradiotherapy
BRT = bioradiotherapy with cetuximab
NOS = not otherwise specified

Figure 3. Forrest plot for overall survival at 5 years
The pooled transformed-back estimates and confidence intervals calculated with a random effects model.
T3 and T4 = T stage, ND = neck dissection, BRT = bioradiation, CRT = chemoradiation, Multiple = overall outcome
presented for multiple tumor subsites combined.

Clinical outcome
The pooled 2-year OS after salvage surgery for advanced stage disease was 55% at 2
years (95%CI 44-66%, 8 studies, 12 outcome measurements, 439 patients) and 37% at 5

Pooled disease-free survival after salvage surgery for advanced stage disease (data not

years (95%CI 30-45%, 12 studies, 17 outcome measurements, 540 patients). At 5 years,

shown), was 53% at 2 years (95%CI 37-69%, 3 studies, 5 outcome measurements, 187

larynx carcinoma specific overall survival was 37% and was not significantly different from

patients)4,15,20 and 41% at 5 years (95%CI 30-52%, 7 studies, 10 outcome measurements,
305 patients)4,15,16,20,21,27,28. Two studies were not included for DFS data pooling as no overall

54
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survival data were presented. Kadota and colleagues found a 5-yr DFS of 57% in patients

of patients21,22. In addition, 4 studies reported mean duration of hospital stay. Corrected for

with recurrent advanced hypopharynx carcinoma22. Stankovic et al. found a 5-yr DFS of

the total number of patients included in each individual study, the calculated weighted

42% and 45% for advanced hypopharynx carcinoma and 48% and 54% for advanced larynx

mean duration of hospital stay in days was 23 days (range 21 - 40 days)5,16,21,26.

carcinoma after salvage surgery following radiotherapy and chemoradiation, respectively26.
Locoregional control data were not pooled, as all but one author described the proportion

Table 4. Complications after salvage surgery for advanced recurrent HNSCC. Pooled transformed-back
outcomes calculated with random effects models when number of studies >1

of control after a certain follow up time instead of 2- or 5-years estimates. Kadota et al

Outcome

Studies

Patients

Outcome

found a 5-year LRC rate of 79% in 14 patients . Locoregional control was reported in 6

Fistulaa,b,c

6

306

33%

0.20

other studies (334 patients) and varied between 19-90% after 1-181 months follow up

Strictures

2

47

17%

0.03

0.36

Infectiona,b,c

6

458

24%

0.10

0.40

Tube-feedingb,c

5

187

27%

0.09

0.50

Re-operationa,b

2

57

17%

0.08

0.29

Dysphagia

22

b

.

16-20,23

Overall, the pooled microscopically tumor positive surgical resection margins rate was
32% (95%CI 13-54%, 3 studies, 3 outcome measurements, 74 patients)5,16,23. In these

95% CI
0.47

2

210

19%

0.05

0.34

Haemorrhagea,b,c

4

167

3%

0.01

0.07

in 3 studies. Leon et al found no significant predictors5, whereas Hilly found increased

Free Flap failure

3

81

3%

0.00

0.09

recurrent T-stage to be associated with a decrease in DFS (p=0.006) and OS (p<0.001)4, and

Mortality, treatment relateda,b,c,d

9

506

1%

0.00

0.04

studies, larynx carcinomas were also included. Multivariate analysis (MVA) was described

the performance of an elective neck dissection associated with improved DFS (p=0.009)
and OS (p=0.001). Chen et al found that a high number of tumor positive lymph nodes

c

a,b

a
b

3

‘multiple’ treatment, for multiple tumor subsites together presented in one study.
(laryngo)pharyngectomy, c laryngectomy, d mandibulectomy

was predictive for worse OS (p=0.04)21. All 3 studies included a selected number of key
variables in MVA and did not evaluate for instance smoking status. In 1 study, 19 of 32
evaluable oropharynx carcinomas (59%) were HPV positive16. Interestingly, HPV status was

DISCUSSION

not associated with either OS or DFS. Other studies reporting on multiple subsites did not
include HPV-status.

Salvage surgery for recurrent head and neck squamous cell carcinoma (HNSCC) after
radiotherapy is considered a last resort curative treatment option. After an extensive

Complications

search and meta-analysis of available literature specifically focusing on advanced stage

In Table 4, pooled complication rates are presented. The pooled tube-feeding rate was 27%

disease, we found a pooled 55% overall survival at 2 years and 37% at 5 years. These results

(95%CI 9-50%, 5 studies, 5 outcome measurements, n=187), all following salvage surgery

are higher than we expected, probably due to adequate selection of patients who were

for larynx and pharyngeal carcinoma. In the study by Chen et al., all except 4 patients

suitable for surgery. Larynx recurrences are more often resectable than other subsites,

(12.1%) achieved oral intake of varying degree with 29 patients (60.6%) being completely

mainly because of anatomical and functional reasons. Consequently, most patients in

independent from tube feeding . The mean interval to start oral intake was 15.1 days. In

our study were treated for larynx carcinoma. Moreover, even when salvage surgery for

the study of Kadota et al, all patients achieved oral intake without tube feeding within a

non-laryngeal tumors is feasible, survival is still considered inferior. Interestingly, we found

mean interval of 13 days . Stankovic et al. reported nasogastric tube feeding for a median

no statistically significant survival difference between tumor subsites. Our data suggest

of 16.5 days (range 16-27) after salvage TLE for both larynx and hypopharynx carcinoma .

that the prognostic value of subsite is limited in the setting of advanced stage resectable

The pooled free flap failure rate was 3% (95%CI 0-9%, 3 studies, 3 outcome measurements,

tumors following radiotherapy. However, these results must be interpreted with care, since

n=81). In these 3 studies, tissue flaps were used during salvage surgery for 82% and 100%

only few and small case series on non-laryngeal tumors could be included in our analysis.

21

22

26

16

56

57

Chapter 3

Salvage surgery after RT: a systematic review & meta-analysis

The lack of available literature on this group of patients urges further investigation for

in a review by Lee and colleagues, disease control and complication rate after salvage

guidance in clinical decision-making and proper informed consent.

surgery were not statistically different between chemoradiation and radiotherapy alone,
but correlated with disease stage40. We could not compare complication rates between

Our findings agree with Davidson et al., who published one of the few studies regarding

patients that received salvage surgery following radiotherapy versus chemoradiation, as

salvage surgery for advanced larynx carcinoma. In a cohort of 108 patients, the complication

outcome was not presented separately in most studies.

rate was 27% and 3-year OS rate only 22% , suggesting that salvage surgery for advanced
29

larynx carcinoma results in unfavorable disease control than generally expected. In

We also could not evaluate Time To Recurrence (TTR) as a prognostic variable. In the

addition, Goodwin et al. performed a meta-analysis and found a 5-yr OS of 36.7% after

prospective analysis published by Goodwin et al., there was no difference in outcome after

salvage surgery for advanced larynx carcinoma . The authors also performed a prospective

salvage surgery for residual versus recurrent disease30. However, it is generally believed that

study of 109 patients who underwent salvage surgery for all HNSCC subsites and stages

a short disease-free interval after radiotherapy implies a more aggressive tumor behavior.

and found no significant difference in outcome between tumor subsites. Moreover, Clark

In line with this, others have found a short disease-free interval to negatively correlate with

et al. showed extra capsular extension (ECE) but not tumor site to be a significant negative

survival36,41,42. Of note, it is currently under debate whether the initial or recurrent tumor

predictor for DSS31. On the other hand, Wulff and Woodard et al. both found pharyngeal

stage is of more prognostic value29,30,41,43,44.

30

carcinoma associated with unfavorable OS than larynx carcinoma in univariable, but not
in multivariable analysis27,32. Three other groups did find significant unfavorable survival

We found a considerable tumor positive resection margin rate of 32% (pooled data

for hypopharynx carcinoma, but included both primary and recurrent tumors , did not

from 3 studies, all subsites), partly because recurrent disease is typically infiltrative and

describe the statistical significance , or included only 2 hypopharynx and 1 oropharynx

multifocal that spreads broadly in microscopic deposits45. Interestingly, Jones et al. already

carcinoma35. Following salvage surgery for oropharynx carcinoma, Zafereo et al. reported

demonstrated that 34% of patients with positive margins at salvage surgery did not

a remarkable 3-year overall survival rate of 48.7% . Nevertheless, Gehanno et al. found

develop primary site recurrence, possibly because excisions are typically carried out with

worse actuarial survival of 38% after 3 years and 24% after 5 years after salvage surgery

a diathermy which may kill remaining cancer cells46. However, positive resection margins

for tonsil carcinoma37. The authors ascribed this result to a high postoperative mortality

are predictive for decreased survival27,47,48. Therefore, adjuvant re-irradiation is traditionally

(8%) rate, which is substantially higher than the pooled 1% mortality rate from 9 studies

considered in case of R1 resections, despite significant morbidity49. Interestingly, none of

in our study. Our reported mortality rate is also lower than the 5% observed by Goodwin

our included patients received re-irradiation after salvage surgery.

33

34

36

et al , possibly because most of the included studies in our review were published more
30

recently, with an increased standard of care concerning surgery with reconstruction flaps,

Limitations

perioperative care and pre-treatment radiotherapy techniques. We searched for literature

Interpretation of our results must be tempered by recognition of substantial bias. First,

published from 1985 until present as we anticipated finding few data. In this broad time

all except 2 of the included studies were retrospective case series, which are prone to

frame, not only treatment techniques but also the AJCC staging system has changed. We

selection bias. The included studies reflect only those patients considered operable and fit

therefore verified disease stage according to the AJCC 7th edition. However, we found no

for salvage surgery. Consequently, our results cannot directly be extrapolated to all patients

correlation between publication date and clinical outcome.

with recurrent advanced stage disease. Second, tumors other than larynx carcinoma were
relatively under-represented as these recurrences are less often resectable. Therefore, no

In general, more advanced tumors may require the addition of concurrent chemotherapy

solid conclusions can be drawn from differences in outcome between tumor subsites.

with radiotherapy. It has been reported that surgery after chemoradiation leads to even

We have considered to solely focus on recurrent laryngeal cancer in order to offer more

2-times more wound fistulae compared to surgery after radiotherapy alone

focused data. However, as we performed a systematic review of literature, the lack of

. However,

38,39
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enough data itself is a key finding from our work. In addition, salvage surgery should be
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ABSTRACT

INTRODUCTION

Objective: Most studies that report on salvage surgery after primary radiotherapy for head

In the United States and Europe, head and neck squamous cell carcinoma (HNSCC)

and neck squamous cell carcinoma (HNSCC) are small and heterogeneous. Subsequently,

accounts for 3-4 percent of all malignancies1,2. Worldwide, 380,000 patients die from HNSCC

some relevant questions remain unanswered. We specifically focused on (1) difference in

each year3. Radiotherapy with or without concurrent chemotherapy has been established

prognosis per tumor subsite, corrected for disease stage and (2) differences in prognosis

as primary treatment for a variety of subsites and stages. However, loco(regional) failure

after salvage surgery for local, regional and locoregional recurrences.

occurs in up to 50% of patients4. For these patients, salvage surgery is considered the
best possible curative treatment. Most studies regarding salvage surgery are small and

Study design: Retrospective analysis

heterogeneous, still leaving some clinically relevant questions unanswered. First, salvage
surgery for laryngeal tumor recurrence is believed to result in better survival compared

Setting: Single center study (2000-2016)

to other subsites, partly because recurrences from other subsites may be more difficult to
resect due to nearby anatomical structures (e.g. carotid artery and skull base). Therefore,

Subjects and Methods: patients treated with salvage surgery for HNSCC recurrence after

we aimed to investigate which variable (for instance tumor site, tumor stage and R0

(chemo)radiotherapy.

dissection) is key for clinical outcome after salvage surgery for advanced disease. After
reviewing literature, we found that patient and tumor subgroups are frequently presented

Results: 189 patients were included. 5-year OS was 33%, median overall survival was

by stage or by subsite often without correcting for these factors as being confounders.

18 (95% CI 11-26) months. Treatment related mortality was 2%. Larynx carcinoma was

Hence, it remains to be determined whether the difference in prognosis per tumor

associated with more favorable local (adjusted HR=4.02, 95%CI 1.46-11.10, p=0.007) and

subsite remains significant after adjusting for prognostic factors such as stage of disease.

locoregional control (adjusted HR=5.34, 95%CI 1.83-15.61, p=0.002) than pharyngeal

Second, outcome after salvage surgery is commonly reported by combining local and

carcinoma. ASA score (≥3 vs. 1-2: adjusted HR=3.04, 95%CI 1.17-7.91, p=0.023), pT-stage (3-4

regional tumor recurrence data together. However, both type of recurrences are different

vs. 1-2: adjusted HR=4.41, 95%CI 1.65-11.82, p=0.003) and salvage surgery for locoregional

entities that require different therapeutic approaches; hence a comparison of prognosis

recurrences (locoregional vs. local: adjusted HR=3.81, 95%CI 1.13-11.82, p=0.021) were

is warranted. To address these topics, we performed a retrospective analysis of all patients

independent predictors for DFS.

treated with salvage surgery for tumor recurrence in our institute between 2000 and 2016.
To minimize heterogeneity, we only selected patients who received salvage surgery after

Conclusion: Salvage surgery for larynx carcinoma results, regardless of disease stage and

primary curative radiotherapy or chemoradiation as index treatment.

other prognostic factors, in more favorable loco(regional) control but not favorable DFS
than pharyngeal carcinoma. The observed difference in DFS between salvage surgery

METHODS

for local and regional recurrences was not significant after correction for confounders.
However, survival following salvage surgery for locoregional disease is significantly worse.

Patients

For this subgroup, we propose to consider T-status and comorbidity for clinical decision-

We retrospectively analyzed all patients treated in the Netherlands Cancer Institute

making, as high pT-stage and ASA score are independent predictors for worse DFS.

between 2000 and 2016. The study had official institutional research board approval
(Medisch-Ethische Toetsingscommissie van Stichting Nederlands Kankerinstituut - Het
Antoni van Leeuwenhoek Ziekenhuis (METC-AVL)); all procedures were in accordance with
the 1964 Helsinki declaration and its later amendments. Amendable patients received

66

67

4

Chapter 4

Salvage surgery after RT: a retrospective analysis

salvage surgery (with or without postoperative re-irradiation) with curative intent for

missing covariate information were excluded from the models. All statistical analyses were

local, regional or locoregional HNSCC recurrence after primary curative radiotherapy

performed using IBM Statistical Package for the Social Sciences (SPSS) version 22.0.

or chemoradiation. We excluded patients treated with salvage surgery in combination
with photodynamic therapy (PDT, n=5) and patients with oral cavity carcinoma (n=17),

RESULTS

as radiation is not standard of care for these patients. Also, those patients with no vital
tumor in the resection specimen (n=31) were excluded. Last, patients who received salvage

Demographics

surgery for 2 primary tumors were excluded (n=2), defined as tumor recurrence more

In total, 189 patients were included (Table 1). Mean age was 61 years, 148 (78%) were male.

than 5 years after index treatment. In total, 194 patients were identified. In 5 patients, the

Ninety-nine patients (52%) had larynx carcinoma and 26 had hypopharynx carcinoma

tumor was irresectable during surgery. These R2 resections were also excluded, leaving

(14%). Eleven of 64 oropharynx carcinoma were HPV related. In 71% of patients, tumors

189 patients for final analysis. We defined tumor <1 mm relative to ink as an R1 resection .

were advanced stage at diagnosis. The median follow-up of patients alive was 63 (95%

We did not consider a margin containing dysplasia a positive margin. When initial frozen

CI 56-70) months. Two patients (1%) were lost to follow-up (LTFU) after a median of 1 and

section margins were positive for tumor and further resection resulted in negative frozen

13 months (Table 2).

nd

5,6

section margins, this was considered a negative resection margin. We sampled the frozen
section from the surgical bed rather than from the main specimen. When possible, the preradiotherapy margin was resected. Physical status was scored according to ASA and WHO
performance score. All patients were staged (both at initial and recurrent stage) based on
clinical examination, ultrasonography and CT or MRI and according to the American Joint
Committee on Cancer (AJCC) staging as they were at the time of diagnosis. After 2007,
FDG-PET was gradually introduced.

4

Table 1. Patient, tumor and treatment characteristics at date of diagnosis or salvage
Variable
Age in years, mean (SD)
Gender, male

Patients

%

61 (10)
148

Variable

Patients

%

22

Extracapsular extension (ECE)a
78

ASA score

Not applicable

41

No

100

53

0-1

152

80

Yes

47

25

2-3

36

19

Missing

1

1

Missing

1

1

0-1

161

85

and overall survival (OS). We specifically focused on comparison of the outcome between

>1

17

9

subgroups: residual vs. recurrent disease; local vs. regional vs. locoregional recurrences;

Missing

11

6

missing

No

68

36

Yes

107

57

RT

116

61

Missing

14

7

CRT

69

37

BRT

4

2

No

13

7

Yes

174

92

Mean (SD), in months

2

1

Residual

80

42

Recurrent

109

58

Outcome measures
Primary outcome measures were locoregional control (LRC), disease-free survival (DFS)

larynx vs. pharyngeal carcinoma and early vs. advanced disease. Outcomes were evaluated
from the date of salvage surgery.
Statistical methods
Survival curves were calculated with Kaplan-Meier method and compared between
subgroups using log rank test. Bivariable Cox models were used to find confounders,
i.e. covariates that changed the tumor subsite and recurrence localization comparison
univariable hazard ratios by more than 10%, and prognostic factors, i.e. covariates with
p<0.10. All potential variables are listed in the corresponding tables for multivariate analysis.
Final multivariable models included all prognostic factors and confounders. Patients with
68

WHO performance

Alcohol abuse

Nicotine abuse

Missing
Tumor site

pAJCC stage (recurrence)
1

24

13

2

27

14

3

65

34

4

72

38

1

1

Radiotherapy (1st treatment)b

TTRc
8.7 (7.5)

Hypopharynx

26

14

Larynx

99

52

Local

90

48

Oropharynx

64

34

Regional

67

35

Recurrence localization after RT

69
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Table 1. (Continued)
Variable

Table 2. Tumor recurrence at the end of follow-up and cause of death
Patients

%

HPV (oropharynx)

Variable
Locoregional

Patients

%

32

17

No

42

66

Yes

11

17

Transoral excision

6

3

missing

11

17

PLE

6

3

TLE

73

39

108

57

1

1

80

42

TLE + (partial) glossectomy
TLE + (partial)
pharyngectomy

21

11

1

1

Composite resection

16

9

No local resection

66

35

cT stage (index)
1-2
3-4
missing
cN stage (index)
117

62

2-3

71

38

Modified radical

59

31

missing

1

1

Selective

89

47

No neck dissection

41

22

19

10

1

Surgery, regional neck dissection

Flap reconstruction

2

35

19

M. Pectoralis major flap

50

26

3

50

27

Free Radial Forearm Flap

9

5

4

84

44

Gastric pull up

3

2

missing

1

1

Free Fibula flap

1

1

M. Rectus abd. flap

1

1

x

66

35

Anterolateral thigh flap

1

1

a

0

2

1

M. Latissimus dorsi flap

1

1

b

1-2

60

32

None

123

65

3-4

60

32

Margins

missing

1

1

R0

158

84

R1e

28

15

Missing

3

2

pT stage (recurrence)

pN stage (recurrence)
x

41

22

0-1

103

55

2-3

44

23

No

179

95

missing

1

1

Yes

10

5

Re-irradiation after salvage

Based on pathology report
b
RT = radiotherapy, CRT = chemoradiotherapy, BRT = bioradiotherapy with Cetuximab
c
Time To Recurrence, calculated from end of radiotherapy until first recurrence. Residual: < 6 months,
Recurrent: 6 months – 5 years
d
PLE = partial laryngectomy, TLE = total laryngectomy
e
defined as tumor <1 mm relative to ink from the resection margin
NB: Not all percentages sum up exactly to 100% due to rounding errors
a

Loco(regional) recurrence localization
Local
Regional
Locoregional
None
Distant metastasis
No
Yes
Distant metastasis
Isolated
Plus local(regional) recurrence
Patient status
Alive
Diseased
Lost to follow-up (LTFU)
Cause of death
Recurrent disease
2nd primary (local and distant)
Intercurrent diseasea
Treatment complicationb
Unknown

Surgery, local resectiond

0-1

AJCC stage (index)

Variable

Patients

%

29
31
12
117

15
16
6
62

155
34

82
18

21
13

62
38

55
132
2

29
70
1

90
11
19
3
9

68
8
14
2
7

4

Known disease, not tumor related
aspiration pneumonia (1) and blowout (2)
NB: Not all percentages sum up exactly to 100% due to rounding errors

Treatment
Hundred-sixteen patients (61%) were treated with radiotherapy alone as index treatment,
69 patients (37%) received concurrent cisplatin and 4 patients (2%) concurrent EGFR
inhibition with cetuximab. Radiotherapy consisted of an elective dose of 46Gy in 23
fractions (sequential) or 54.25Gy in 35 fractions (concomitant) followed by a boost on the
primary tumor and involved nodes, resulting in a total dose of 70Gy. All patients received
the prescribed dose.
Eighty patients (42%) received salvage surgery for residual disease, i.e. within 6 months after
radiotherapy. The other 109 patients (58%) received salvage surgery for recurrent disease
within 6 months to 5 years after radiotherapy.

70
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For salvage treatment, 123 patients (65%) received local surgery. A neck dissection was

We separately analyzed local control for those 122 patients (65%) receiving salvage surgery

performed in 148 patients (89 selective and 59 modified radical neck dissections). Sixty-six

for local tumor recurrence, with or without synchronous lymph node metastases. In this

patients (35%) received a transposition flap for reconstruction. After surgery, 10 patients

group, local control rate at 5 years was 72%. After controlling for prognostic factors and

(5%) received post-operative re-irradiation. Table 1 illustrates a detailed overview of

confounders (Table 3), pharyngeal carcinoma again showed worse local control than

treatment characteristics.

larynx carcinoma (adjusted HR=4.02, 95%CI 1.46-11.10, p=0.007) and receiving adjuvant
re-irradiation after salvage surgery (because of pathological risk factors for recurrence) was

Loco(regional) control

associated with worse local control in comparison to no re-irradiation (adjusted HR=9.08,

Overall, 72 patients were diagnosed with local, regional or locoregional recurrence after

95%CI 1.16-71.20, p=0.036).

salvage surgery. The LRC rate at 5 years was 57% (Figure 1). After controlling for prognostic
and confounding factors (Table 3), larynx carcinoma was associated with a more favorable

In total, 99 patients (52%) received a neck dissection for regional recurrence, with or

locoregional control than pharyngeal carcinoma (adjusted HR=5.34, 95%CI 1.83-15.61,

without synchronous local recurrence. Regional control rate at 5 years was 61%. There were

p=0.002). We found salvage surgery for locoregional recurrences (adjusted HR=4.01,

no significant predictors for regional control in multivariable analysis (data not shown).

95%CI 1.15-14.03, p=0.030) associated with worse LRC compared to salvage for only local

4

Table 3. Multivariate analysis for loco(regional) control (LRC)

or regional recurrences.

Local control (LC)
Variable
Agea

100

Locoregional control (LRC)

HR

95% CI

p-value

HR

95% CI

p-value

-

---

-

1.04

0.10 – 1.09

0.083

-

---

-

-

---

-

-

---

-

-

---

-

-

---

-

0.75

0.15 – 3.71

0.719

-

---

-

-

---

-

4.02

1.46 – 11.10

0.007

5.34

1.83 – 15.61

0.002

-

---

-

-

---

-

-

---

-

-

---

-

ASA
1-2
≥3

80

WHO

Proportion (%)

0-1
60

LRC

2-4
Nicotine abuse
No
Yes

40
DFS
20

Alcohol abuse
No
Yes

OS

Tumor subsite
Larynx

0

Pharynx
0

2

4

6

8

10

Follow-up (years)

HPV (oropharynx)
Negative
Positive
cT (index)

Figure 1. Overall disease control and survival curves
Locoregional Control (LRC), 57% at 5 years; Disease-free Survival (DFS), 32% at 5 years; Overall Survival (OS),
33% at 5 years.

1-2
3-4
cN (index)
0-1

72

73
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Table 3. (Continued)

Disease-free Survival
Locoregional control (LRC)

Local control (LC)
Variable
2-3

HR
-

95% CI
---

p-value
-

HR
1.07

95% CI
0.37 – 3.09

p-value
0.898

Early (1-2)
-

---

-

1.17

0.45 – 3.05

0.753

pT (recurrence)
4.08

0.59 – 28.18

0.155

2.25

0.77 – 6.59

0.140

pN (recurrence)

(≥ 3) at salvage surgery (adjusted HR=3.04, 95%CI 1.17-7.91, p=0.023), T3-4 tumors at
locoregional recurrences (adjusted HR=3.81, 95%CI 1.13-11.82, p=0.021) associated with
worse DFS compared to low ASA score (1-2), small tumors (T1-2) and salvage for only

0-1
2-3

When controlling for prognostic and confounding factors, we found high ASA score
recurrence (adjusted HR=4.41, 95%CI 1.65-11.82, p=0.003) and salvage surgery for

1-2
3-4

resulted in significant differences between DFS curves (all p≤0.03).
The 5-year DFS rates for larynx and pharyngeal carcinoma were 38% and 26%, respectively.

AJCC stage (index)
Advanced (3-4)

Overall, 5 years DFS rate was 32% (Figure 1). As shown in Figure 2a-d, subgroup analysis

3.35

0.72 – 15.66

0.124

2.37

0.75 – 7.49

0.141

local or regional recurrences, respectively. Of note, both index stage and recurrent stage
were significant predictors in univariate analysis, but not in multivariate analysis (Table 4).

AJCC stage (recur.)
Early (1-2)
Advanced (3-4)

0.82

0.09 – 7.62

0.863

1.34

0.28 – 6.29

0.713

1.54

0.34 – 6.92

0.574

0.82

0.25 – 2.67

0.744

ECEb

Table 4. Multivariate analysis for Disease-free Survival (DFS)

No
Yes

Univar.
Variable

Radiotherapyc

Agea

CRT / BRT

ASA

RT
TTR

-

---

-

-

---

-

a,d

Recurrent
Residual

-

---

-

-

---

-

Local
-

---

-

31.43

0.95 – 1039.23

0.053

4.01

1.15 – 14.03

0.030

Margins
0.35

0.06 – 2.07

0.245

1.54

0.62 – 3.81

0.353

-

---

-

-

---

-

Re-irradiation
Yes
No

43

37

33

13

0-1

44

34

2-4

35

29

No

61

61

Yes

40

31

No

49

40

Yes

39

95% CI

p-value

-

---

-

0.018

3.04

1.17 – 7.91

0.023

0.368

-

---

-

0.055

1.62

0.32 – 1.84

0.561

29

0.187

-

---

-

Larynx

47

38

Pharynx

36

9.08

1.16 – 71.20

0.036

2.92

0.86 – 9.94

0.086

26

0.035

1.93

0.75 – 4.97

0.175

Analyzed as a continuous variable. For categorical variables, the first category is the reference category.
Extracapsular extension
c
RT = radiotherapy, CRT = chemoradiotherapy, BRT = bioradiotherapy with Cetuximab
d
Disease Time To Recurrence (TTR), calculated from end of radiotherapy until first recurrence. Residual: < 6
mnths. Recurrent: 6 mnths – 5 yrs
e
defined as tumor <1 mm relative to ink from the resection margin
All prognostic covariates p<0.10 in univariate analysis or confounding covariates that changed the treatment
group recurrence localization hazard ratio by more than 10%, were further included in multivariate analysis
Patients with missing covariate information were excluded from the models.

0.338

-

---

-

0.110

-

---

-

0.007

2.33

0.95 – 5.70

0.064

Tumor subsite

HPV (oropharynx)

a

Negative

40

31

b

Positive

51

51

74

HR

0.381

Alcohol abuse

R0
Year of treatmenta

1-2
≥3

p-value

Nicotine abuse

Regional

R1e

5-yr (%)

WHO

Tumor site

Locoregional

2-yr (%)

4

Multivariable model

cT (index)
1-2

47

39

3-4

36

22

0-1

50

39

2-3

28

21

cN (index)

75
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Table 4. (Continued)
Variable
AJCC stage (index)

2-yr (%)

5-yr (%)

Early (1-2)

61

51

Advanced (3-4)

34

25

1-2

63

49

3-4

27

23

0-1

47

38

2-3

20

10

Early (1-2)

73

62

Advanced (3-4)

30

22

No

44

35

Yes

28

17

Univar.
p-value

HR

0.001

1.36

Multivariable model
95% CI
p-value

Overall, 132 patients deceased, resulting in a 5-year OS rate of 33% (Figure 1). Median
overall survival was 18 (95% CI 11-26) months. Specifically, for those 93 patients (49%) with
a recurrence after salvage surgery, median survival between date of diagnosis and death

0.59 – 3.15

0.474

pT (recurrence)

was 9 (95% CI 8-10) months. The median survival for patients with early stage recurrent
disease was 113 (95% CI: 17-209) months compared to 12 (95% CI: 8-17) months for those

0.004

4.41

1.65 – 11.82

0.003

pN (recurrence)

with advanced stage recurrent disease. Median survival for patients that required salvage
for residual disease after primary radiotherapy was 10 (95% CI: 8-12) months versus 30 (95%

<0.001

2.41

0.85 – 6.84

0.100

CI: 18-43) months for those with recurrent disease. Specifically evaluating outcome per type
of recurrence after radiotherapy, median survival for those with a local recurrence was 34

AJCC stage (recur.)
0.76

0.23 – 2.50

0.648

0.027

0.40

0.15 – 1.06

0.065

(95% CI: 8-25) months and hypopharynx 16 (95% CI: 6-26) months.

CRT / BRT

29

20

50

40

0.006

1.89

0.63 – 5.68

0.256

Treatment related death

Recurrent

49

37

Residual

32

26

recurrence was 8 (95% CI: 5-11) months. For all types of recurrences combined, median
survival after salvage for larynx carcinoma was 27 (95% CI: 14-40) months, oropharynx 16

Radiotherapyc
RT

(95% CI: 10-58) months, regional recurrence was 13 (95% CI: 7-19) months and locoregional

<0.001

ECEb

TTR

Overall survival

a,d

4

Within 100 days after end of treatment, 3 patients (2%) died from treatment-related
0.025

0.95

0.90 – 1.01

0.105

Tumor site

during post-operative brachytherapy re-irradiation (after the 16th fraction of 3 Gy). Two
other patients died from arterial blowout 27 to 45 days after surgery, despite PM flap

Local

53

43

Regional

36

27

<0.001

19.80

0.74 – 532.79

0.075

Locoregional

23

13

<0.005

3.81

1.13 – 11.82

0.021

R0

47

36

R1e

14

14

<0.001

1.40

0.57 – 3.42

0.464

0.178

-

---

-

0.522

1.89

0.63 – 5.69

0.259

Margins

Year of treatmenta

complications. One patient died from respiratory insufficiency after severe aspiration

reconstruction. All patients who died from treatment related toxicity were ASA-II. One
patient was WHO 1; the other 2 patients were WHO 0.

Re-irradiation
Yes

40

27

No

42

33

Analyzed as a continuous variable. For categorical variables, the first category is the reference category.
Extracapsular extension
c
RT = radiotherapy, CRT = chemoradiotherapy, BRT = bioradiotherapy with Cetuximab
d
Disease Time To Recurrence (TTR), calculated from end of radiotherapy until first recurrence. Residual: < 6
mnths. Recurrent: 6 mnths – 5 yrs
e
defined as tumor <1 mm relative to ink from the resection margin
All prognostic covariates p<0.10 in univariate analysis or confounding covariates that changed the treatment
group recurrence localization hazard ratio by more than 10%, were further included in multivariate analysis.
Patients with missing covariate information were excluded from the models.
a

b
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A

80

60

Recurrent disease

40

B

100

Disease-free Survival (%)

Disease-free Survival (%)

100

20

The current study is one of the largest cohort studies describing prognostic features related

80

to salvage surgery after primary radiotherapy or chemoradiation for HNSCC. In a cohort
of 189 patients, the 5-year OS rate was 33% and the treatment-related mortality was 2%.

60

Our aim was to focus on two key parameters for guidance in clinical decision-making,
Local

40

0
0
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after adjusting for prognostic and confounding factors. Survival following salvage surgery
for locoregional recurrences is significantly worse than for local or regional recurrences. For
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stage, are taken into consideration. However, with 189 patients included, our sample size
may still be too small to reveal a significant survival difference. Our data agree with results

Figure 2a-d. Disease-free Survival (DFS)
Differences between survival curves were tested by log rank test. (A) Residual vs. recurrent disease: 5-years
rate 26% vs. 37%, p=0.003. (B) Local vs. regional vs. locoregional recurrence: 5-years rate 43% vs. 27% vs. 13%,
p<0.001. (C) Laryngeal vs. pharyngeal tumors: 5-years rate 38% vs. 26%, p=0.034. (D) Early vs. advanced disease
(at recurrence): 5-years rate 62% vs. 22%, p<0.001.

from a prospective study of 109 patients by Goodwin et al7, who also found no significant
difference in DFS. Moreover, Clark et al. showed extra capsular extension (ECE) but not the
tumor site to be a significant negative predictor for DSS8. Wulff and Woodard et al. both
found pharyngeal carcinoma associated with unfavorable OS than larynx carcinoma in
univariable, but not in multivariable analysis9,10. Three other groups did find significant
unfavorable survival for hypopharynx carcinoma, but included both primary and recurrent
tumors11, did not describe the statistical significance12, or included only 2 hypopharynx
and 1 oropharynx carcinoma13. Specifically, for oropharyngeal carcinoma, we evaluated
the impact of HPV on outcome and found no prognostic effect. In the primary treatment
setting, outcome clearly depends on HPV status, but whether this also goes for recurrent
tumors in the salvage surgery setting remains unclear. In a study by Patel et al concerning
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salvage surgery for locally recurrent oropharyngeal cancer, 19 of 32 evaluable oropharynx

specifically the absence of reasons given for the indication or not for re-irradiation, resulted

carcinomas (59%) were HPV positive. Interestingly, the authors also did not find HPV status

in a considerable confidence interval surrounding the hazard ratio of re-irradiation on

associated with either OS or DFS .

local control (1.16 – 71.20). Altogether, we believe re-irradiation may positively influence

14

treatment outcome and should be weighed against significant morbidity by both patient
Local and regional tumor recurrences are different entities that require different surgical

and physician.

approaches, and may consequently result in different outcome. We therefore compared
outcome after salvage surgery for local versus regional recurrences and found no significant

It is generally known that a short disease-free interval after radiotherapy implies a more

difference when adjusted for prognostic and confounding factors. However, those patients

aggressive tumor behavior and is associated with unfavorable treatment outcome.

receiving salvage surgery for locoregional disease (either residual or recurrent) had a

Therefore, we evaluated Time To Recurrence (TTR) as a prognostic variable for treatment

disappointing median survival of 8 months. After 2 and 5 years, only 23% and 13% of these

outcome. In daily clinics, tumors are often considered residual (0-6 months) or recurrent (6

patients were alive and disease free, respectively. These results are disappointing, especially

months – 5 years) after index treatment. When we analyzed TTR as a categorical variable,

because salvage surgery may be accompanied by significant morbidity. We therefore

we found residual tumors to be correlated with worse DFS than recurrent tumors (data

suggest that treatment in this setting should be offered only to a limited group of patients

not shown). This is in line with findings already made by others, who analyzed TTR as a

that are really fit for surgery and/or have a low additional risk for treatment recurrence

categorical variable21-23. Interestingly, when we analyzed TTR as a continuous variable in

(e.g. large local tumors and high comorbidity, based on our multivariable analysis for

our multivariate analysis, we lost evidence to prove a significant effect on prognosis. Of

DFS). Altogether, patients requiring salvage surgery for advanced stage recurrent disease

note, in agreement there was also no significant impact of time to pre-salvage recurrence

after radiotherapy have limited chances of success and may benefit from novel treatment

on disease free survival after salvage surgery in the prospective analysis published by

options. Currently, we are running an immunotherapy trial for advanced stage primary

Goodwin et al.7.

and recurrent HNSCC. In this study, anti-PD1 with or without anti-CTLA4 is given 2 times
in a 2-week interval prior to primary and salvage surgery (NCT03003637). By combining

Limitations

immunotherapy with standard of care, we aim to improve both locoregional control and

The results presented in this study are subject to several limitations. On the one hand, data

survival for patients urgently in need for better treatment options.

were extracted retrospectively and therefore prone to selection bias. Since we included
only patients suitable for salvage surgery, results cannot be extrapolated to inoperable

Resection margins after salvage surgery are reported tumor positive in up to 18-56% of

recurrences or re-operation for secondary tumors. On the other hand, our findings may be

, possible because recurrent disease is typically multifocal and can spread with

skewed towards more beneficial clinical outcome, as patients with larynx carcinoma were

microscopic deposits . Positive resection margins are therefore predictive for decreased

relatively over-represented. Moreover, missing data are inherent to retrospective studies.

DFS, OS and DSS

. Consequently, in our institute, re-irradiation is always considered in

Toxicity and functional outcome were under reported and therefore not presented in this

those cases. In our patient cohort, we evaluated the influence of re-irradiation on treatment

study. Also, we were not able to evaluate quality of life (QoL) as no validated questionnaires

outcome and found that adjuvant re-irradiation after salvage surgery was associated with

at baseline were taken. For future research, prospective toxicity scores and evaluation of

worse local control in comparison to no re-irradiation. First, this paradoxical finding is

the impact of salvage surgery on quality of life is recommended. Furthermore, we used

because only those patients with extremely poor pathological prognostic risk factors

ASA and WHO performance score as a surrogate for physical status, as the anesthesiologist

were treated with re-irradiation. Second, there were 28 patients with an R1 resection, and

routinely scored both before surgery. However, neither ASA nor WHO performance are

only 10 patients received re-irradiation. We are very cautious in applying re-irradiation, as

the best measures of comorbidity. We acknowledge that it is better to include for instance

this may be accompanied by significant morbidity . This treatment heterogeneity, more

Charlson Comorbidity Index or ACE-27, and severity of comorbidity has very adequately

patients
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been shown to impact outcomes in the salvage setting24. However, to extract comorbidity
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ABSTRACT

INTRODUCTION

Background and purpose: Radiotherapy (RT) with cetuximab is an alternative for

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer and

advanced-stage head and neck squamous cell carcinoma (HNSCC) patients who are unfit

affects 550,000 patients worldwide every year1. In advanced-stage disease, the standard of

for cisplatin treatment. As 5-year overall survival is below 50%, it is of interest to test PD-L1

care is chemoradiotherapy (CRT) with concurrent cisplatin for organ preservation. However,

immune checkpoint blockade (avelumab) with cetuximab-RT in the curative setting.

this treatment is accompanied by more than 80% severe acute toxicity2,3 and a subgroup
of patients is not fit for cisplatin treatment because of comorbidities. For these patients, RT

Materials and methods: Phase-I feasibility trial (planned n=10, NCT02938273) of

with concurrent cetuximab is an effective alternative4. In HPV+ oropharyngeal carcinoma,

conventional cetuximab-RT with avelumab (concurrent 10 mg/kg Q2W + 4 months

radiotherapy with concurrent cetuximab leads to equivalent absolute proportions of

maintenance) for advanced-stage HNSCC patients unfit for cisplatin treatment.

acute toxicity compared to concurrent cisplatin, but with a different toxicity profile and
less overall toxicity-burden5. Unfortunately, 5-year overall survival (OS) after concurrent

Results: One of ten included patients experienced grade 2 cetuximab-related infusion

cetuximab-RT is below 50%4, highlighting an urgent need for complementary treatment

reaction and withdrew from the study before avelumab was administered. One patient

regimens. Over the last decade, immunotherapy has revolutionized cancer treatment.

discontinued treatment after 2 courses of avelumab and 12x2Gy RT for personal reasons. In

In recurrent and metastatic HNSCC, PD-(L)1 immune checkpoint blockade (ICB) is well-

2/8 remaining patients, avelumab was stopped after 4 and 8 courses because of toxicity and

tolerated and leads to 19% absolute survival benefit at one year6,7. There is a solid biological

tumor progression, respectively. There was no grade 4-5 toxicity. Grade 3 immune-related

rationale for combining a PD-(L)1 antibody with cetuximab-RT in HNSCC. Cetuximab, a

toxicity was manageable and occurred in 4 patients. One patient was treated with topical

chimeric antibody that binds to the epidermal growth factor receptor (EGFR) on tumor cells,

steroids for grade 3 maculopapular rash and 3 patients received high-dose prednisone for

induces antibody-dependent cellular cytotoxicity (ADCC) by CD16 mediated activation of

grade 3 elevated liver enzymes (n=1) and pneumonitis (n=2). Seven patients experienced

NK cells via its Fc fragment. Activated NK cells induce IFN-γ–dependent dendritic cell (DC)

grade 3 RT-related toxicity with no severe specific cetuximab-related toxicity. Tumor

maturation, enhancing antigen presentation and cross-priming of EGFR-specific CD8+

recurrence occurred in 4/8 patients (50%) after a median of 12 (8-26) months follow-up.

cells8-10. However, both EGFR-driven tumors and RT inhibit an effective antitumor CD8
cytotoxicity by upregulation of PD-L111,12. By combining cetuximab-RT with a monoclonal

Conclusion: Cetuximab-RT plus avelumab is feasible in patients with advanced-stage

human PD-L1 antibody (avelumab), we aim to block this inhibitory escape mechanism. An

HNSCC who are unfit for cisplatin treatment. Immune-related toxicity was transient and

adequate antitumor immune response may in turn not only increase locoregional control,

manageable and radiotherapy-related toxicity was in accordance with standard of care.

but also result in a systemic abscopal effect13. In HNSCC patients, the combination of anti-

This pilot study provides grounds for larger efficacy trials.

PD-L1 with conventional RT (and cetuximab) is challenging, as patients are relatively fragile
and characterized by older age, extensive comorbidity and a history of smoking or alcohol
abuse. As conventional RT for HNSCC is accompanied by considerable toxicity, it remains
to be evaluated whether the addition of ICB is safe. Here, we report on a phase-I feasibility
trial of the immune checkpoint PD-L1 inhibitor avelumab concurrent with standard of
care, i.e. RT plus cetuximab, for patients with advanced-stage HNSCC who are unfit for
cisplatin treatment.
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MATERIALS AND METHODS

Position verification and quality assurance was assessed by daily online cone-beam CT as
previously reported17.

Study design
This is a phase-I investigator-initiated feasibility trial (NCT02938273). The study was

A cetuximab loading dose (400 mg/m2) was administered intravenously (i.v.) on day -7,

approved by the institutional research board (Medisch-Ethische Toetsingscommissie

followed by 250 mg/m2 i.v. weekly in week 1-7. A fixed dose of avelumab 10 mg/kg i.v. was

Nederlands Kanker Instituut - Het Antoni van Leeuwenhoek Ziekenhuis METC-AVL:

administered every 2 weeks (Q2W) starting at day -7 during RT, followed by 4 months

NL5777.031.16); all procedures were in accordance with the 1964 Helsinki declaration and

maintenance therapy (14 courses in total). Criteria for drug discontinuation were drug-

its later amendments. All patients provided written informed consent. The phase-I nature

related grade 4 hematologic toxicities and non-hematological toxicity ≥ grade 3 including

of this trial was the new combination of avelumab with standard of care. Optimal dose of

laboratory abnormalities and severe or life-threatening AEs. For subjects whose dose

avelumab was interpolated from previous studies . Target sample size was 10 patients.

interval was increased due to toxicity, avelumab was resumed upon resolution of toxicity

The trial design did not allow for replacement of patients who dropped out after start of

to grade 0-1 or baseline.

14

treatment. Our primary endpoint was toxicity according to CTCAE v4.03 criteria. There
were planned safety stops for toxicity assessment after 3 and 6 patients. The study would

PD-L1 expression

have been prematurely ended if grade III-IV toxicities unresponsive to medical treatment

PD-L1 status was determined on pre-treatment FFPE tumor biopsies with anti-PD-L1

were observed in more than 2 patients. Our secondary endpoint was efficacy, defined as

(PharmDX 22C3 clone on the DAKO autostainer 48). PD-L1 expression was measured by

objective response (by irRECIST) on CT or MRI scan.

the Combined Positivity Score (CPS) as described by Kulangara et al18. CPS cutoff points
were <1, 1–19 and ≥20 according to previous data from Rischin and colleagues19.

5

Patients
Eligible criteria were ≥18 years of age; naïve for immunotherapy; pathologically confirmed

Follow-up and response assessment

advanced-stage HNSCC of the oral cavity, oropharynx, hypopharynx or larynx; WHO

During RT, toxicity was evaluated 2 times a week by the radiation oncologist and medical

performance score 0-2 and an indication for concurrent chemoradiotherapy (CRT) but unfit

oncologist. After RT, toxicity was evaluated every 2 weeks by the medical oncologist prior

for cisplatin treatment due to comorbidity (GFR < 60 ml/min, cardiovascular co-morbidity,

to the next immunotherapy course. Response was evaluated by physical examination,

hearing loss or polyneuropathy) or written refusal for treatment with chemotherapy.

endoscopy and by irRECIST criteria on CT or MRI (MRI for oral cavity and oropharyngeal

Although we report on tumor stage according to AJCC 8 edition , eligibility was according

cancers, CT-scan for laryngeal and hypopharyngeal cancer) 10, 18 and 26 weeks after start

to AJCC 7 edition . Main exclusion criteria were prior treatment with immunotherapy,

of treatment. Follow-up was performed according to standard of care, i.e. alternating with

a diagnosis of immunodeficiency or receiving systemic immunosuppressive medication.

a head and neck surgeon every 3 months the first 2 years (then every 4 months, twice a

th

th

15

16

year and yearly until 5 years after end of treatment).
Treatment
Standard of care consisted of a conventional radiation scheme using Volumetric Modulated

RESULTS

Arc Therapy (VMAT) in combination with anti-EGFR (cetuximab). Elective irradiation dose
(level II-IV in case of node-negative disease and level I-V in case of node-positive disease)

Patients

was 46 Gy in 23 fractions, followed by a sequential boost of 24 Gy in 12 fractions to the

Between January 2017 and September 2018, a total of 44 patients were seen for cetuximab-

primary tumor or 54.25 Gy in 35 fractions with a simultaneously integrated boost (SIB)

RT of whom eventually 10 were included in this study. Patients (n=34) were not included

of 70 Gy to the primary tumor. Overall treatment time was 7 weeks for both schedules.

because of patients’ preference (n=11), malignancy (synchronous double tumor or other
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malignancy <5 years, n=7), other comorbidity (n=10), tumor site (n=3), language barrier
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Table 1. Patient characteristics

(n=1) and start of treatment during planned study safety stop (n=2). All included patients

Variable

were male and treated for carcinoma of the larynx (n=1), hypopharynx (n=1) and oropharynx

Median age, years (SD)

(n=8; 4 were HPV related). Two patients had moderate-to-severe comorbidity (ACE-27 score

Sex, male

2 and 3). PD-L1 expression by Combined Positive Score (CPS) was not evaluable in 1 patient

Comorbidity

Patients
69 (8)

Variable

Patients

Alcohol abuse

10

No

7

Yes

3

Diabetes Mellitus

3

HPV status

Hypothyroidism

1

Positive

4

Hypertension

4

Negative

5

COPD

2

Unknown

1

Treatment

Atrial fibrillation

2

cT-stage

One patient was fit for cisplatin treatment but wanted to participate in the study because

Central artery disease

2

1

0

of differences in toxicity profile. He experienced a grade 2 cetuximab-related infusion

Angina pectoris

1

2

5

reaction and withdrew from the study before avelumab was administered. This patient

Ankylosing Spondylitis

1

3

3

was further treated off-study by cisplatin-RT according to standard of care. One 81-year old

Rheumatoid arthritis

1

4

2

Myocardial infarction

2

cN-stage

as diagnosis was confirmed by fine needle aspiration cytology (FNAC) from a positive
lymph node. Detailed information regarding patients’ characteristics is provided in Table 1.

patient discontinued treatment after 2 avelumab courses and 12x2 Gy RT. He had grade
2 RT-related dysphagia but refused further treatment for personal reasons not related to

Kidney function, GFR (range)

87 (64-96)

ACE-27 comorbidity

treatment or toxicity. The remaining 8 patients completed the prescribed cetuximab and

0

2

radiotherapy doses. Six patients received all 14 planned avelumab courses. Avelumab

1

6

was stopped after 4 cycles due to toxicity (n=1) and after 8 cycles because of regional

2

1

3

1

recurrence (n=1). Radiotherapy was delivered with SIB (n=5) and sequential (n=4) boost.

Tumor site

Treatment-related toxicity
All adverse events and their potential relation to immunotherapy were evaluated by a
multidisciplinary team and scored as shown in Table 2. The vast majority were related

0

0

1

3

2

5

3

1

1

2

2

2

Oropharynx

8

3

1

Hypopharynx

1

4

5

Larynx

1

Smoking

to cetuximab and RT. There was no grade 4-5 toxicity. Grade 3 immune-related toxicity

No

occurred in 4 patients. All immune-related toxicities were manageable and transient

Yes

(primary endpoint). One patient was treated with topical steroids for grade 3 maculopapular

5

Stage (AJCC 8th edition)

Combined Positive Score (CPS)
not evaluable

1

2

<1

1

8

1-19

3

≥20

5

rash, the other 3 patients received high dose prednisone for grade 3 elevated liver enzymes
(n=1) and pneumonitis (n=2). Prednisone was tapered in a median 6.5 (4-7.5) weeks. Seven

Clinical outcome

patients experienced ≥1 RT-related grade 3 toxicity; radiation dermatitis (n=1), mucositis

The median follow-up was 12 (8-26) months at the time of analysis (July, 2019). Four patients

(n=2), both radiation dermatitis and mucositis (n=3) and weight loss (n=1). There was no

had a recurrence after a median of 10 (3-20) months following RT. See Table 3 for a detailed

specific cetuximab-related grade 3-4 toxicity; 5 patients experienced grade 1-2 rash.

overview. Patient 9 received a selective neck dissection for residual lymph node metastasis
during immunotherapy maintenance, 3 months after RT for a T3N3b HPV- oropharynx
carcinoma. One of twelve lymph nodes were tumor positive. Currently, there is no evidence
of disease 7 months after surgery. The other 3 patients with recurrent disease received 14
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cycles of avelumab. Patient 2 (T3N2b larynx carcinoma) had an out-field regional recurrence

DISCUSSION

after 7 months. He received no further treatment and died 3 months later. Patient 1 and
patient 7 had a recurrence following RT for a T2N1 HPV+ oropharyngeal carcinoma after

To the best of our knowledge, this is the first manuscript to report on the feasibility of a

20 and 13 months, respectively. Both patients are alive and receiving palliative systemic

PD-L1 checkpoint inhibitor concurrent with standard of care in a curative first-line setting

treatment.

for advanced-stage HNSCC. We provide evidence that avelumab at a dose of 10 mg/kg i.v.
concurrent with cetuximab-RT is feasible in patients who are unfit for cisplatin treatment.
This is of importance as these patients are relatively fragile and characterized by older age,

Table 2. Treatment-related toxicity

extensive comorbidity and/or history of smoking or alcohol abuse. Although this feasibility

Grade 1-2

Grade 3

Grade 4-5

Dry mouth

7

-

-

Dysgeusia

8

-

-

Dysphagia

6

-

-

Edema (face/neck)

2

-

-

Nausea

1

-

-

Radiation ulcera

1

-

-

immune related. Four of nine patients developed grade 3 immune-related toxicity. This rate

Weight loss

5

1

-

of toxicity is higher than the 13% grade 3-4 immune-related toxicity following anti-PD-1

Mucositis

4

5

-

Fatigue

6

-

-

(nivolumab) monotherapy for recurrent metastatic HNSCC6. Three patients required high

Dermatitis

5

4

-

Dry eye

1

-

-

all the 14 planned avelumab courses. Only 1 patient could not continue treatment due to

Blepharitis

1

-

-

Nail loss

1

-

-

grade 3 toxicity but did receive in total 4 courses of avelumab. Furthermore, all patients

Rash acneiform

5

-

-

Constipation

1

-

-

related toxicity were in accordance with standard of care. Based on this single arm feasibility

Infusion related reaction

1

-

-

trial, we cannot conclude whether the combination of immunotherapy with radiotherapy

Peripheral neuropathy

1

-

-

Infusion related reaction

4

-

-

Elevated creatine kinase

1

-

-

patients have received the regimen being tested. It is therefore difficult to draw solid

Eosinophilia

2

-

-

conclusions and a direct comparison of immuno-radiotherapy with standard of care is

Elevated alkaline phosphatase

1

-

-

Pneumonitis

1

2

-

warranted.

Rash maculopapular

-

1

-

Elevated alanine aminotransferase

-

1

-

Radiotherapy (n=9)

Cetuximab (n=10)

Avelumab (n=9)

trial is limited by its small sample size, our findings provide ground for further evaluation
within larger efficacy trials.
The promise of radiotherapy and immunotherapy synergism can be considered a doubleedged sword. There has been general concern about additional toxicity, both RT and

dose prednisone, but symptoms were manageable and subsided after prednisone tapering
(median 6.5 weeks). The study treatment was feasible as 6/8 evaluable patients received

were able to complete cetuximab-RT as planned and the incidence and severity of RT-

potentially results in higher immune-mediated toxicity rates than with immunotherapy
alone. As 2 patients dropped out due to non-study treatment related reasons, only eight

To date there are several ongoing trials examining the combination of RT + Cetuximab
+ PD-1/L1 inhibitors. Recently, the safety run in of The REACH study was presented20.
Twenty-nine patients with stage III/IV HNSCC were randomized, including 14 patients in
the experimental arms (e.g. avelumab with standard of care cisplatin-RT or cetuximabRT). Although all patients received the entire RT course as planned, 6/14 patients in the

94
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3

2

1

Oropharynx

Oropharynx

Oropharynx

Larynx

Oropharynx

Tumor
site

Positive

Positive

Negative

Negative

Unknown§

/

Positive

HPV
status

I

II

IVa

IVb

Iva

IVa

I

Stage
AJCC (8th)

20

<1

35

22

Unknown§

3

35

PD-L1
(CPS)

Table 3. Clinical outcome

4

Oropharynx

Patient

5

Oropharynx

14

Immunotherapy
courses (#)

CR

CR

MRI

Regional

Distant

Tumor
recurrence

Alive

Diseased

Alive

Patient
status

16

19

10

26

Follow-up†

2

14

Alive

Dropout: patients’ preference

11

No

12

No

Alive

9

CR

Alive

8

NE

Local

Alive

4

PR

No

Alive

14

14

CR

No

Regional

Dropout: patients’ preference

14

CR

PD

0

8

96

14

related toxicity.

6

completed all planned doses of pembrolizumab, 3 patients discontinued due to immune-

7

without compromising radiation or chemotherapy dosing23. Twenty-one (78%) patients

4

dermatitis22. In patients fit for cisplatin, pembrolizumab plus CRT is reported to be safe

II

to cetuximab-RT, as there was significantly less grade ≥3 mucositis and radiation field

Positive

randomized trial indicate that tolerance of pembrolizumab-RT was better when compared

Oropharynx

the efficacy of cetuximab-RT versus durvalumab-RT. Preliminary data from another phase-II

8

ineligible patients. Therefore, the NRG-HN004 trial (NCT03258554) was initiated to explore

11

inferior efficacy5. This raises the question of whether cetuximab is needed for cisplatin

44

oropharyngeal carcinoma, the absolute percentage of acute toxicity is equivalent with

III

different toxicity profile and less overall toxicity-burden compared to cisplatin in HPV+

IVb

neck cancer (DUCRO-HN) is still ongoing (NCT03051906). Although cetuximab has a

/

the combination of durvalumab (anti-PD-L1), cetuximab and radiotherapy in head and

Negative

+ nivolumab (anti-PD-1) arm is safe and feasible21. Another phase-I/II trial that evaluates

Oropharynx

at ASCO 2018 and showed, with comparable results as in our study, that the cetuximab-RT

Hypopharynx

by the IDSMC. The RTOG-3504 randomized phase-III trial safety evaluation was presented

9

the safety stopping rule was not crossed and an approval to continue the trial was given

10

* nd
2 MRI 2 weeks after last immunotherapy. Response assessment according to irRECIST: NE=not evaluable, CR=complete response, PR=partial response,
PD=progressive disease
Diagnosis by fine needle aspiration cytology (FNAC)
End of radiotherapy until last follow-up
†

developed grade 4 toxicity. These results are slightly worse than we observed. However,

§

experimental arms did not receive the entire systemic regimen and 3 patients (21.4%)

5
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Regarding the outcome in the current study, 4 of 8 patients (50%) who completed

1.5 years. First, most patients received standard of care concurrent cisplatin. Second, HNSCC

treatment had a tumor recurrence after a median follow-up of 10 months. That is a

patients are generally characterized by extensive comorbidity and bad performance status,

relatively high recurrence rate and 2 patients with recurrent disease had HPV positive

especially those who are unfit for cisplatin treatment. These patients were, therefore, also

stage-I disease (AJCC’s 8 edition). This is quite unusual in this disease entity, that is known

not all suitable for a protracted radiotherapy course of 7 weeks and subsequently 4 months

to have a favorable prognosis . It is rather unlikely that the combining of immunotherapy

adjuvant avelumab. More importantly, many eligible patients did not want to participate

with radiotherapy results in a worse outcome than radiotherapy alone. However, it is

because of the 4 months maintenance period.

th

24

important to point out that there is ongoing debate about the optimal fractionation
regimen and timing of immunotherapy. Most studies are focused on hypofractionated

In conclusion, we show that cetuximab-RT plus avelumab is feasible in patients with

regimens as there is evidence that short, subablative radiation doses are preferable

.

advanced-stage HNSCC who are unfit for cisplatin treatment. Immune-related toxicity

There have been concerns that radiotherapy, not only at higher doses, but also in general

was transient and manageable. Although the principal limitation of this pilot trial is the

may have an immunosuppressive effect . In particular, large radiation fields (for instance

limited small sample size, our findings provide ground for further evaluation within larger

elective lymph node fields in HNSCC) may be toxic for the circulating lymphocytes, which

efficacy trials. We must await further data for solid conclusions regarding additional toxicity

are very sensitive for RT

from the combination of immunotherapy with radiotherapy.

25,26

27

. Indeed, radiotherapy associated immune suppression has

28,29

been correlated with decreased survival

. Fortunately, others have found evidence

30,31

suggestive of an effective cellular immune response following immunotherapy plus
more fractionated radiation regimens32-34. This is of major importance in HNSCC, where
fractionated radiotherapy is inevitable for a favorable therapeutic ratio and adequate

5

sparing of delicate normal tissue. We therefore think conventional fractionation will remain
the backbone and one should primarily focus on the optimal timing of immunotherapy.
There is some preclinical data demonstrating that PD-L1 inhibitors given concurrently
but not sequentially result in improved survival 12. However, more in-human studies need
to confirm these findings. In non-small cell lung carcinoma (NSCLC), a short interval (<14
days) between RT and start of immunotherapy was associated with favorable outcome,
which suggest an additive effect when RT is combined with concurrent immunotherapy35.
The results presented are subject to some limitations. Based on previous studies, we have
chosen a fixed dose of 10mg/kg avelumab. In a phase-IA trial, the maximum tolerated
dose (MTD) was not reached at 20 mg/kg. Based on pharmacokinetics, target occupancy,
and immunological analysis, 10 mg/kg was selected as the optimal dose for further
development36. Ever since, more than 600 patients have been treated in published trials
for multiple solid tumors14,37,38. However, as we did not run a new dose-finding study for
the combination with cetuximab-RT, we cannot rule out that there is a more optimal
avelumab dose. Moreover, our results cannot directly be extrapolated to all patients with
advanced-stage HNSCC amenable for cetuximab-RT. We included 10 patients in more than
98
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ABSTRACT

INTRODUCTION

Aim: Surgery for advanced-stage head and neck squamous cell carcinoma (HNSCC) results

Surgery with or without adjuvant radiotherapy for advanced head and neck squamous

in five-year overall survival (OS) rates of 50% in first line and 30% after salvage surgery

cell carcinoma (HNSCC) results in a five-year overall survival (OS) of approximately 50%

for recurrent tumors. As nivolumab nearly tripled the 2-year OS in platinum-refractory

in first line and 30% after salvage surgery for locoregional recurrences1,2. In metastatic

recurrent metastatic HNSCC, our aim was to test safety and efficacy of neoadjuvant single

HNSCC, immune checkpoint blockade (ICB) by anti-PD-1 (nivolumab) results in a significant

or dual checkpoint blockade prior to curative surgery.

but modest 10% OS benefit at 2 years3. Anti-PD-1 efficacy may therefore be increased
by the addition of anti-CTLA-4 (ipilimumab), resulting in further expansion of Th1-like

Material and methods: Investigator-initiated phase IB/II trial (NCT03003637) of neoadjuvant

CD4+ effector cells and enhancement of cytolytic CD8+ cell activity4. However, in contrast

nivolumab monotherapy 240mg (weeks 1&3, ARM A) or in combination with ipilimumab

to cutaneous melanoma5, disease-free survival (DFS) following the combination of anti-

(1 mg/kg in week 1: ARM B) before curative surgery (≤ week 5) for advanced-stage HNSCC.

CTLA-4 with anti-PD-(L)1 was reported to be equal to anti-PD-(L)1 monotherapy in
metastatic HNSCC6,7. This lack of efficacy may however be not applicable to the curative

Results: In phase IB of this trial, twelve patients with T3-4N0-N2cM0 HNSCC were included.

setting, as patients with favorable performance score and relatively low tumor burden

Comorbidity (ACE-27) was moderate-to-severe in 7/12 patients. Immune-related grade 3

tend to have a better response to ICB8. This suggests that immunotherapy may be more

toxicities occurred in three patients and were transient and well manageable. All twelve

effective in earlier disease stages than metastatic carcinoma, possibly explained by a lower

patients underwent major surgery with free-flap reconstruction (n=11) without delay

level of circulating exosomal PD-L19. Indeed, unexpected high response rates have been

(≤week 5), four patients received postoperative radiotherapy. Neoadjuvant mono- and

described for neoadjuvant immunotherapy prior to curative surgery in NSCLC, melanoma

combination immunotherapy induced pathological responses in 1/6 and 3/6 patients,

and bladder cancer10-12. From pre-clinical mouse models, we know that neoadjuvant ICB

respectively. Non-responders showed higher B7-H3 gene expression in pre-treatment

leads to more tumor specific CD8+ T cells compared to adjuvant ICB13. In addition, a small

biopsies when compared to responding patients, who were in addition characterized by

trial for stage III melanoma comparing neoadjuvant versus adjuvant ipilimumab (anti-

increased intra-tumoral NK cell influx and augmented on-treatment NK cell signatures.

CTLA-4) plus nivolumab (anti-PD-1) showed that neoadjuvant immunotherapy leads to
higher expansion of tumor-resident T cell clones in the circulation14. For non-metastatic

Conclusions: Neoadjuvant single and dual immune checkpoint blockade prior to major

HNSCC, it is therefore of interest to evaluate the safety and efficacy of neoadjuvant single

(salvage) surgery is feasible in patients with advanced-stage HNSCC and considerable

(nivolumab) or combination (nivolumab and ipilimumab) checkpoint inhibition prior to

comorbidity. The combination of nivolumab plus ipilimumab resulted in pathological

curative surgery.

responses within a short 5-week time frame in 3/6 patients and will be further investigated
in the phase-II continuation of this trial.

Neoadjuvant ICB may be particularly challenging in HNSCC, as patients are often fragile
due to relatively old age, extensive comorbidity and high incidence of previous treatments
for primary or recurrent tumors. Furthermore, it is imperative that patients with HNSCC
have surgery within six weeks, as surgery performed at a later time point is associated with
a higher hazard of death15. Neoadjuvant ICB prior to surgery may cause immune-related
toxicity that requires postponement of surgery, thus potentially threatening adherence
to this six-week treatment window. Finally, patients with advanced HNSCC require
extensive surgery, often combined with free-flap reconstruction of the surgical defect and
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postoperative (chemo)radiotherapy. Increased postoperative toxicity (e.g. impaired wound

Table 1. (Continued)

healing) would therefore be detrimental. Here, we present our (phase-IB) pathological

nivolumab (n=6)

nivolumab +
ipilimumab (n=6)

response and feasibility results from the ongoing IMCISION trial of neoadjuvant single

Supraventricular tachycardia

0

1

and dual checkpoint blockade prior to extensive curative surgery in locally advanced

Peripheral artery disease

0

1

HNSCC patients.

Other malignancya

2

2

Smoking (yes / former)

6

6

Alcohol abuse (>3 units/day)

2

3

3

5

MATERIAL AND METHODS

Tumor site
Oral cavity

Trial design, patients and treatment
This is an investigator-initiated, single-institutional open-label phase IB/II trial (NCT03003637,
Fig. 1a). Patients with histologically confirmed primary or recurrent T3-4N0-3M0 HNSCC of

Oropharynx

3

0

Hypopharynx

0

0

Larynx

0

1

0

0

Resection

1

1

the oral cavity, oropharynx, hypopharynx or supraglottic larynx fit for curative surgery were

HPV status (positive)

eligible (Table 1). All patients provided written informed consent before enrollment. We

Tumor recurrence; previous treatment

evaluated the feasibility of neoadjuvant nivolumab monotherapy (240 mg flat dose, weeks
1&3, ARM A) and nivolumab (same regimen) in combination with ipilimumab (1 mg/kg in
week 1, ARM B) prior to standard of care (SOC) in terms of serious adverse events according
to CTCAE v4.03. Dose levels were adapted from others 14, with ipilimumab administered

Photodynamic therapy

1

0

Radiotherapyb

2

1

None

2

4

cT-stage (AJCC 8th edition)

only in week 1 out of toxicity concerns in this specific population. The study treatment

3

3

2

arm was considered unsafe and not feasible if >1 patient experienced a >1-week delay of

4

3

4

0

3

3

1

1

1

2

2

2

3

0

0

3

3

2

4

3

4

Composite resectionc

6

5

Total laryngectomy (TLE)

0

1

5

2

surgery (planned in week 5) due to immunotherapy-related adverse events. If indicated,
adjuvant (chemo)radiotherapy was initiated 4–6 weeks after surgery. The study had
medical research ethics committee approval (METC-AVL: NL57794.031.16); all procedures
were in accordance with the 1964 Helsinki declaration and are consistent with ICH-GCP.

cN-stage (AJCC 8th edition)

6

Tumor stage (AJCC 8 edition)
th

Table 1. Patient and treatment characteristics

Median age, years (range)

nivolumab (n=6)

nivolumab +
ipilimumab (n=6)

66 (54-78)

58 (54-72)

Sex, male

5

3

ACE-27 comorbidity grade 2-3

4

3

108

Surgery, neck dissection
Unilateral

Comorbidity prior to therapy
Diabetes Mellitus

Surgery, local tumor

0

1

Bilateral

1

3

None

0

1

3

2

Hypothyroidism

1

0

Hypertension

4

1

COPD

2

1

(Free) flap reconstruction
Free radial forearm flap (FRFF)
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Table 1. (Continued)

A
nivolumab (n=6)

nivolumab +
ipilimumab (n=6)

Pectoralis major flap (PM)

3

1

Fibula flap

0

1

Anterolateral thigh flap (ALT)

0

1

None

0

1

Yes

1

3

No

5

3

1

2

1-19

2

2

≥20

3

2

Nivolumab & ipilimumab neoadjuvant to surgery, the IMCISION trial

Phase-IB trial design and treatment timeline
group A, n=3+3
nivolumab monotherapy
screening
T3-4N0-3M0
HNSCCa
eligible for
curative
surgery

Primary endpoint reached in ≥ 5 of 6
patients
group B, n=3+3
nivolumab +
ipilimumab

nivolumab

SOCb

Postoperative radiotherapy

PD-L1 expression (CPSd)

Lymphoma (n=1), non-small cell lung carcinoma (NSCLC, n=1) and prostate carcinoma (n=2)
Cetuximab-RT (n=1), Cisplatin-RT (n=1)
c
(partial) pharyngectomy and/or resection of portions of the mandible in continuity with a neck dissection
d
Combined Positive Score
a

b

B
MRI
FDG-PET

PD
SD

PD
SD

SD
/

SD
/

SD SD SD
SD
/
/

/

SD

SD

/

SD

/

SD

/

/

PR

100
vital tumor cells (% change from baseline; local tumor)

<1

wk 5
tumor biopsies during
surgery

wk 3
wk 4
wk 1
wk 0
study MRI
routine MRI
study FGD-PET
routine FDG-PET
Examination Under Anesthesia: tumor biopsies + tattoo tumor margins

*

no pathological response
pathological partial response (pPR, 50-90%)

50

near pathological complete response (near pCR, >90%)

* previously treated with definitive radiotherapy
0

6

*

-50

*

-100

Figure 1. Trial design and treatment response
(A) Phase-IB trial design and treatment timeline. aHead and Neck Squamous Cell Carcinoma (HNSCC); oral
cavity, oropharynx, larynx and hypopharynx; bStandard Of Care (SOC); surgery ± adjuvant (chemo)radiotherapy
4-6 weeks after surgery. (B) Clinical and pathological response evaluation. PR = partial response, SD = stable
disease, PD = progressive disease, / = not available. No MRI was made due to claustrophobia (n=1) and implant
artifacts (n=1), No FDG-PET due to patients’ preferences (n=4) and logistical problems (n=2). Histopathological
response (% viable tumor cells left after ICB): white = no response (≥50%), gray = partial (<50%), black = near
complete (<10%). Patients indicated by an * were previously treated with definitive radiotherapy. (C-E) Example
of near pathological complete response (near pCR, nivolumab-ipilimumab combination arm B patient 10):
(C) CD8 staining before immunotherapy, (D) CD8 staining after neoadjuvant immunotherapy shows tumor
reduction to microscopic residual tumor cells with intra- and peri-tumoral CD8 cell abundance, (E) FDG-PET
cannot adequately discriminate between immune infiltrate and residual tumor, which can both explain the
high FDG uptake (SUVmean 8.5) after immunotherapy.
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Mutational load
Response assessment

DNA (pre-treatment) was isolated (Qiagen FFPE AllPrep DNA/RNA isolation kit, cat. No.

Prior to therapy, the tumor margin was marked with tattoo ink to ensure standard of care

80234) and fragmented into 200–300-bp (Covaris DNA shearing). Library preparation

resection margins in case of a major response to ICB. Radiological response was assessed

was performed using the KAPA HTP/LTP DNA Library Kit (Roche). After shearing, <100 bp

by RECIST 1.1 on MRI and by EORTC response criteria on FDG-PET . Histopathological

fragments were removed by Ampure XP beads (1.6x). Exome enrichment was performed

response was assessed according to guidelines for neoadjuvant therapy

. Translational

using IDT Human Exome V1.0 kit. The libraries were sequenced (HiSeq2500) with 100bp

and pathological response assessment was performed on pre-treatment biopsies and

paired-end reads for tumor and PBMC samples in High Output Mode (V4 chemistry,

surgical resection specimens (on-treatment). As we also included patients who were

Illumina Inc., San Diego, CA). Median sequencing depth was 114-fold (range: 80-204).

previously irradiated, histopathological response was based on the percentage of viable

Raw reads were aligned to GRCh38 using Burrows-Wheeler Aligner (bwa), duplicate reads

tumor cells left after neoadjuvant immunotherapy in respect to baseline. Cutoff values for

were marked by Picard MarkDuplicates. Base quality scores were recalibrated (GATK

histopathological response were no response (≥50% viable tumor cells left), partial (<50%)

BaseRecalibrator) and single nucleotide variants were called (GATK MuTect-2). Mutational

and near complete (<10%) response.

load was calculated on somatic mutations after filtering for germline mutations and

16

17,18

summarized by the total number of non-synonymous, somatic mutations.
Immunohistochemistry (IHC)
Immunohistochemistry of pre- and on-treatment formalin-fixed paraffin-embedded

Statistical considerations

(FFPE) tumor samples was performed on a BenchMark Ultra autostainer (Ventana Medical

Analyses were performed using Microsoft Excel (16.16.8), GraphPad Prism (7.03) and R

Systems). The immune infiltrate was determined pre- and on-treatment with anti-CD3

(3.6.0). Differences between responders and non-responders were calculated by Wilcoxon

(SP7, Spring/ITK), anti-CD8 (C8/144B, DAKO/Agilent), anti-FOXP3 (236A/E7, Abcam), anti-

rank test (Mann-Whitney U test) for independent groups. Differences in gene expression

CD56 (MRQ-75, Cell Marque) and anti-CD68 (KP1, DAKO/Agilent) and automatically counted

signatures before and after immunotherapy were calculated by Wilcoxon signed-rank test

(cells/mm ) on the HALO™ image analysis platform (Supplementary Figure A1). HPV status

for paired samples with no correction for multiple testing.

2

was determined on pre-treatment FFPE tumor biopsies by a combination of p16 overexpression (MX007, ImmunoLogic) and p53 wildtype (DO-7, DAKO). PD-L1 status was

6

RESULTS

determined on pre-treatment FFPE tumor biopsies with anti-PD-L1 (22C3, PharmDX) by
the Combined Positivity Score (CPS)19. CPS cutoff points were <1, 1–19 and ≥20 according

Twelve patients with T3-4N0-N2cM0 HPV negative HNSCC were included (Table 1, baseline

to previous data from Rischin and colleagues . For comparison between responders and

characteristics). Comorbidity (ACE-27) was moderate-to-severe in seven patients. All

non-responders, CPS was used as a continuous variable.

patients received the study treatment as planned with no dose adjustments. Patients

20

underwent extensive surgery with free-flap reconstruction (Table 1). In accordance with
Gene expression profiling (NanoString)

national guidelines, four patients received postoperative radiotherapy, at a median of 42

RNA (pre- and on-treatment) was isolated using the Qiagen FFPE AllPrep DNA/RNA

(36-51) days after surgery (PORT). One patient with a cT4N0 oral cavity carcinoma who had

isolation kit (cat. No. 80234) and analyzed using the NanoString nCounter® Pan cancer

a near pCR received no PORT because of delayed wound healing and no risk factors for

IO360 gene expression panel. Quality control, normalization and analysis were performed

recurrence on pathology.

using the NanoString nSolver software. Predefined gene expression signatures, developed
by NanoString, were calculated for all samples.

Four patients (67%, multiple toxicities n=1) in arm A and three patients (50%, multiple
toxicities n=2) in arm B experienced CTCAE v4.03 immune-related toxicity: four patients
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with grade 1-2 toxicity and one patient with grade 3 colitis in ARM A and four patients with

near pCR (Fig. 1b). Of note, all 4 responders experienced immune-related toxicity (of any

grade 1-2 toxicity and two patients with either grade 3 colitis or elevated liver enzymes in

grade), compared to 3 of 8 patients with no response. Microscopically clear resection

ARM B (Table 2). Toxicity was either naturally transient or well manageable with prednisone

margins were achieved (median 4 mm, range 1–7) in eleven patients. One patient needed

and infliximab.

re-excision of the tumor after an initial R1 resection. All three patients achieving a near pCR
(arm A and B combined) showed multifocal, microscopic residual viable tumor cells (<10%)

Table 2. Immunotherapy-related adverse events

in the resected specimen (Supplementary Figure A2; nivolumab-ipilimumab combination
nivolumab + ipilimumab

arm B patient 10). There was a discordance between ICB efficacy in the primary tumor and

grade 1-2

nivolumab
grade 3-4

grade 1-2

grade 3-4

Elevated liver enzymes (ALT > AST)

-

-

-

1

positive lymph nodes: two patients with a near pCR of the primary tumor showed either a

Psoriasis

1

-

-

-

Subclinical hypothyroidism

-

-

1

-

Thyroiditis

-

-

2

-

ICB demonstrated a 33% reduction of mean standard uptake value (SUV), indicative of a

Diarrhea

1

-

-

-

metabolic response (patient 12). However, the remaining metabolic activity on FDG-PET

Colitis

-

1

-

1

did not adequately discriminate between an immune infiltrate and residual tumor (patient

Rash

-

-

1

-

10, Fig. 1c). None of the pathological responses were visible on MRI according to RECIST

Pruritus

1

-

-

-

Pericarditis

1

-

-

-

1.1 criteria (neither for the primary tumor nor for the positive lymph nodes).

Adverse event

In arm A, one patient developed grade 2 pericarditis 52 days after 1st immunotherapy. Chest pain and signs of
pericarditis on echocardiography diminished within one week after start of 1d1mg/kg prednisone. One patient
(arm A) had grade 3 colitis 70 days after 1st immunotherapy. His symptoms subsided after 1kg/kg prednisone
orally and resolved after 2x5 mg/kg infliximab intravenously. One patient (arm B) experienced grade 3 colitis 33
days after 1st immunotherapy (8 days after surgery), successfully treated with prednisone (1mg/kg). Two patients
in arm B experienced grade 1-2 thyroiditis 14-17 days after 1st immunotherapy (10-11 days before surgery). No
treatment was indicated as fT4 levels subsided and there were no clinical symptoms before surgery.

mixed (n=1) or no (n=1) pathological response in their lymph node metastases. In one of
four pathological responses (arm A and B combined), an FDG-PET scan before and after

Median follow-up was 15 (3–20) months. None of the patients with a near pCR to ICB
showed recurrent disease at the end of follow-up (range 14–20 months after surgery),
compared to three of nine patients with no or partial response to neoadjuvant ICB
(Supplementary Figure A3).
To explore potential biomarkers for ICB response, we analyzed pre-treatment tumor

All patients were treated as pre-planned and without delay in surgery ≤ week 5 (range

material. Combined Positive Score (CPS) for PD-L1 expression did not correlate with

25‒33 days) after first course of ICB. There were no hyper-progressive tumors. The

pathological response (Table 1 and Supplementary Figure A4). The presence of tumor-

median in-hospital stay after surgery was 25 (16–54) and 22 (15–179) days in arm A and B,

infiltrating lymphocytes (TILs) in the tumor microenvironment was also not predictive for

respectively. Hospital stay (except for one patient, not immune-related), frequency and

treatment response (Supplementary Figure A5a-e). In contrast, mutational load measured

magnitude of surgery- and radiotherapy-related adverse events were in accordance with

by whole exome-sequencing was significantly higher in pathological responders compared

previous experience from standard of care in advanced HNSCC (Supplementary Table A1).

to non-responders (p=0.024, Fig. 2a). In parallel, we analyzed gene expression pre- and
on-treatment using the NanoString nCounter® IO360 panel (Fig. 2b). Several immune-

Major pathological tumor responses were observed within a very short time frame (surgery

related signatures were significantly increased after ICB compared to pre-treatment

in week 5), both in patients with primary (n=2) and recurrent (n=2) tumors. One patient

expression, irrespective of treatment response. This increase was statistically significant

(1/6) in arm A achieved a near pathological complete response (near pCR) of the primary

for multiple immune signatures in the combination therapy arm (Fig. 2c). Expression of

tumor. In arm B, pathological response of the primary tumor was observed in three (3/6)

B7-H3 (CD276) was significantly higher in pre-treatment biopsies from non-responding

patients on ICB, including one with a pathological partial response (pPR) and two with a

patients compared to responders (Fig. 2d and 2e). NK and CD56dim NK cell signatures were
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significantly increased on-treatment amongst responders (Fig. 2d and 2e), and there was
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Figure 2. Mutational load, gene expression signatures and immune infiltrate by immunohistochemistry
(A) Bar graph indicating the number of non-synonymous mutations in each patient samples. Partial and
near complete responders are indicated in green, non-responders in red. Right panel, boxplot with the
number of non-synonymous mutations in responders (green) and non-responders (red). Mann-Whitney U
test, * p=0.024. Of note, TMB could not be assessed in one patient (near pCR) due to low DNA quality / only
microscopic residual vital tumor cells. (B) Heatmap with NanoString gene signature values for pre-treatment
and on-treatment samples. Samples are further divided into responders (green) and non-responders (red),
and patients treated with nivolumab monotherapy (grey) and nivolumab + ipilimumab combination therapy
(blue). For one patient (arm A, non-responder) the post-treatment sample was not analyzable due to low RNA
quality. The bars on the right of the heatmap indicate statistical significance of increased immune-related
signatures after immunotherapy compared to pre-treatment, (C) irrespective of treatment response for
nivolumab monotherapy and nivo–ipi combination therapy separately and (D) for responders versus nonresponders (both treatment arms combined). (E) Boxplot for B7-H3 gene expression between responders and
non-responders in pre-treatment samples. Boxplot for NK cell and NKdim56 cell signatures in responders and
non-responders in on-treatment samples. (F) Intra-tumoral changes in immune cell abundance under influence
of immunotherapy in non-responders (NR, red) and responders (R, green). Mann-Whitney U test, * p=0.049.
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DISCUSSION

patient variations in this small study cohort. In contrast, we found that TMB is associated
with response to ICB, which is in line with previously reported data from the Keynote-012

We have shown that neoadjuvant immune checkpoint blockade (ICB) with nivolumab with

trial25. Our explorative translational research data suggest several immune signatures to be

or without ipilimumab can be safely administered prior to extensive surgery in patients

increased after immunotherapy, irrespective of treatment response and predominantly after

with advanced stage HNSCC and considerable comorbidity. All patients were treated

combination ICB. The latter may also be explained by the higher number of pathological

without surgical delay and immune-related toxicity was manageable and well-tolerated. We

responders found after combination ICB or might suggest an added value of ipilimumab

observed encouraging pathological responses in 3/6 patients after two courses nivolumab

compared to nivolumab alone. However, further mechanistic studies are required for a

plus ipilimumab within a short 5-week time frame. This combination ICB is further studied

direct comparison of nivolumab monotherapy versus a nivolumab-ipilimumab combination

in a phase-II expansion cohort for additional survival data and biomarker evaluation of

regimen. Our data might suggest that NK cells play an important role in ICB responsiveness.

neoadjuvant immune checkpoint blockade in patients with advanced HNSCC.

It has previously been reported that CD56dim cell infiltration is positively correlated with
HNSCC survival26. NK cells can also express PD-1, making them responsive to PD-1 checkpoint

Our results are in line with data from Ferrarotto and colleagues recently presented at

inhibition27. In addition, regulatory T cells (Tregs) can directly inhibit NK cell cytotoxicity28.

ASCO 2019, who found that neoadjuvant durvalumab ± tremilimumab prior to curative

This suggests that Treg inhibition by anti-CTLA-4 may boost NK cell-mediated tumor killing.

surgery for oropharyngeal carcinoma was safe and well tolerated and resulted in 32% major

Furthermore, our results show that B7-H3 expression in pre-treatment biopsies might have

pathological responses in the primary tumor or lymph nodes . In this window of opportunity

prognostic value for ICB responsiveness in HNSCC. B7-H3 has previously been correlated

trial, surgery was performed after 8 weeks instead of our 5-week interval. Our observation

with larger tumor burden and poor survival in oral squamous cell carcinoma29 and non-

that neoadjuvant nivolumab with or without ipilimumab induces pathological local tumor

responsiveness to PD-1 blockade in non-small-cell lung carcinoma (NSCLC)30.

21

responses in 4/12 HNSCC patients is encouraging in view of previously described ICB efficacy
in the metastatic HNSCC setting. This increased efficacy in earlier stage HNSCC has also been

The main limitation of this trial was the limited number of included patients. In addition, we

reported for bladder carcinoma , non-small-cell lung cancer , cutaneous melanoma and

introduced patient heterogeneity by including patients with primary tumors and recurrent

must be confirmed in a larger patient cohort. In agreement with Luginbuhl et al. , we found

disease following for instance radiotherapy. Therefore, these promising pathological

discordant treatment effects as two patients with a near pCR at the local tumor site showed

responses and hypothesis generating biomarker data warrant further evaluation within our

either a mixed (n=1) or no (n=1) pathological response to neoadjuvant ICB in their lymph

phase-II efficacy expansion cohort, which is now open for accrual.

10

11

12

22

node metastases. Whether these patients are ‘true’ mixed responders or whether activated
immune cells would have been capable of eliminating remaining tumor cells with increased
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Table A1. Surgery and radiotherapy related adverse events
nivolumab
Adverse event

grade 1-2

grade 3-4

grade 1-2

grade 3-4

Local edema

1

-

2

-

Erythema

1

-

2

-

Xerostomia

1

-

1

-

Mucositis

1

-

1

-

Dysgeusia

1

-

1

-

Dysphagia: prolonged oral alimentation

1

-

1

-

Dysphagia: prolonged tube feeding

-

2

-

4

Osteoradionecrosis

-

-

-

1

Hemorrhage

-

1

-

-

Impaired wound healing

Figure A1. Regions of interest (patient 10)
A trained head and neck pathologist (LS) delineated all viable tumor based on morphology (intra-tumoral region of interest) and selected three adjacent peri-tumoral hotspots of 300 μm2 with the most abundant CD3+
cells (peri-tumoral region of interest) for evaluation of immune cell abundance pre-treatment and migration
on-treatment.

120

nivolumab + ipilimumab

-

2

1

2

Wound infection

-

2

1

1

Thromboflebitis

1

-

-

-

Oral candidiasis

1

-

-

-

Pneumonia: aspiration/ bacterial

3

-

1

1

Constipation

-

-

1

-

Depression

1

-

-

-

Delirium

-

-

-

2

Hypertension

-

-

-

1

a

Wound necrosis / flap failure / fistula
One patient in arm B had a medical history of diabetes mellitus and peripheral atherosclerotic plaques and
vascular calcifications on CT angiography. She was re-admitted to the hospital for 179 days due to an infection
with 4 different bacteria (amongst others a Streptococcus pyogenes) of the free fibula-flap donor site and
thrombo-embolic ischemia of the distal foot. After extensive multidisciplinary evaluation, it was concluded
by the institutional safety board that the cause was multifactorial but not related to immunotherapy, although
she was at home on oral corticosteroids for immune-related colitis at the time of onset of the infection.

a
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p t. 4
p t. 3
p t. 6
p t. 7
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p t. 12
p t. 11

near pathological complete response

p t. 1

pathological partial response

p t. 9

recurrence

p t. 8

alive
death

p t. 5

Figure A2. Pathological response (patient 10)
All three patients achieving a near pathological complete response (pCR) still had multifocal, microscopic
residual viable tumor cells (<10%) in the resected specimen without clear concentric tumor retraction. Here,
patient 10 (nivolumab-ipilimumab combination arm B) is displayed; HE staining of tumor biopsy before (left) and
surgical specimen after (right) immunotherapy. Blue line: original tumor border, red line: microscopic residual
viable tumor cells. There is a massive influx of immune infiltrate on-treatment.
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follow up, months

Figure A3. Clinical outcome and follow-up per patient after nivolumab (sand) and nivolumab + ipilimumab (blue)
In ARM A, four patients died because of lung metastases, pancreatic carcinoma, myocardial infarction and
arterial blowout. In arm B, one patient had an out-field lymph node recurrence one month after PORT and one
patient (who had a partial response to ICB) developed a local tumor recurrence six months after surgery. Both
patients died respectively two and five months after tumor recurrence was diagnosed.
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Figure A4. Combined Positive Score (CPS) for PD-L1 expression
Responders (black) versus non-responders (grey). PD-L1 expression did not significantly correlate with
pathological response.
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Figure A5. Baseline peri-tumoral versus tumoral immune cell abundance in responders and non-responders
to neoadjuvant immunotherapy
Figure (A) CD3+ cells, (B) CD8+ cells, (C) FOXP3+ cells, (D) CD56+ cells and (E) CD68+ cells. Histopathological
response in % of viable tumor cells left after neoadjuvant immunotherapy: white = none (≥50%), gray = partial
(<50%), black = near complete (<10%).
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Chapter 7

SUMMARY

ctDNA as a biomarker for treatment response, the PECAN study

Secondary endpoints:
A.

ctDNA kinetics (clearance time, drop below a certain level, complete absence,

Rationale: Tumors continually shed DNA into the circulation, where it can be accessed.

etc.) during radiotherapy as a predictor for disease recurrence within 2 years after

This circulating tumor DNA (ctDNA) directly reflects tumor burden and has great potential

treatment, in terms of FFP;

to be a sensitive biomarker for treatment recurrence. These “liquid biopsies” could give a

B.

more real-time picture of the genomic status and evolution of a tumor and can be easily
assessed for measurement of different biomarkers. However, in head and neck squamous

disease occurrence;
C.

cell carcinoma (HNSCC) patients treated with primary curative radiotherapy, data regarding
ctDNA kinetics and its correlation with outcome are scarce. A new or additional tool for

Levels of ctDNA at the time of corresponding conventional imaging in relation to
The number of traceable mutations found in blood and saliva in comparison with
mutations found in tumor tissue biopsies;

D.

The tumors’ genomic status and epigenetic evolution over time under pressure

response evaluation next to or instead of conventional imaging after treatment would

of radiotherapy, in terms of number of different detectable mutations in the liquid

be beneficial to detect recurrences in an earlier stage, thereby increasing the chances

biopsies at all specified time points;

of success of salvage therapy. More importantly, an early response parameter during

E.

Levels of ctDNA in blood compared to saliva at the same time points

treatment could help to identify patients that have a good treatment response and might

F.

Levels of ctDNA before treatment compared to other clinical/biological parameters,

benefit from treatment adaptation. With this study, we aim to reveal ctDNA as an effective

i.e. SCC marker, smoking status, etc., in the prediction of treatment response.

tool for future dose (de)-escalation trials in HNSCC.
Analysis: Blood and saliva specimens will be taken for ctDNA analysis at baseline, weekly
Objective: To assess the kinetics of ctDNA in blood and saliva before, during and after

during treatment and at 2 weeks after treatment. During follow up both blood and saliva

primary curative radiotherapy for HNSCC and to determine the prognostic value of ctDNA

will be obtained in combination with a CT/MRI scan on the same day at 3 months, 6

as predictor for treatment response in respect to conventional imaging.

months, 1 year and 2 years after treatment. The type of image modality depends on
the location of the primary tumor according to the standard diagnostic and follow-up

Design: Prospective non-randomized observational study.

protocol for HNSCC at our institute: an MRI scan is the preferred modality for oral cavity
and oropharyngeal cancers, while CT-scan will be used for laryngeal and hypopharyngeal

Population: Patients scheduled for primary curative radiotherapy with: stage II-IV

cancer.

carcinoma of the larynx, hypopharynx, oral cavity, HPV negative oropharynx or stage II-III

7

HPV positive oropharyngeal carcinoma

Patients: 70

Endpoints: Primary endpoint: the number of patients in which ctDNA measurement (i.e.

Risk benefit assessment: Blood and saliva will be collected at regularly planned outpatient

amplifiable copies per millilitre blood and saliva) accurately predicts treatment outcome

visits. This will be once before start of treatment, at 6-7 different moments during treatment

during follow-up within 2 years after treatment, in terms of freedom from progression (FFP).

and at five moments after end of treatment (38ml each). Tumor and germline DNA will be
analyzed using sequencing techniques. Therefore, there is a small possibility of detection of
unsolicited findings, i.e. germline DNA variants that confer an increased risk of developing
malignancies or other diseases both for the patient and his/her family. In total, 3 extra
conventional CT scans or MRI scans will be performed during follow up. The scans will be
performed with contrast enhancement, which requires i.v. injection with contrast agent.
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On rare occasions an allergic reaction can occur. The extra CT scans will be accompanied

been proved to be a highly sensitive biomarker and directly reflects tumor burden in

by (an acceptable amount of) radiation burden. The possible advantages of these extra

multiple tumor types6-10. Also, presence of ctDNA after treatment indicates residual disease

scans will be very stringent follow up, with the possibility of more early and adequate

and is likely to be a marker for relapse11,12. Liquid biopsies could serve as a surrogate for

therapeutic salvage treatment.

tumor biopsies. Obtaining conventional tissue biopsies from a primary head and neck
tumor is invasive and due to its location, examination under anesthetics (EUA) is often

INTRODUCTION AND RATIONALE

warranted. Tissue biopsies are not always feasible, often render low amounts of material
and come with high costs. Also, a conventional tissue biopsy will provide information for

In the United States and Europe, head and neck carcinoma accounts for 3-4 percent of

only one location, which may not represent the bulk of the disease. Since it is known that a

all malignancies . Radiotherapy with or without concurrent chemotherapy has been

tumor is heterogeneous and will genetically and epigenetically evolve in time, for example

established as primary treatment for a variety of subsites and stages of head and neck

under pressure of therapy, a single snapshot of the genetic make-up of the tumor might

squamous cell carcinoma (HNSCC). For patients that do not respond to primary curative

not be sufficient for an optimal treatment of cancer. Therefore, the ideal molecular test to

radiotherapy, salvage surgery is the final treatment for residual or recurrent disease. Despite

guide treatment would represent the bulk of the disease at time of treatment initiation and

treatment, 380,000 patients worldwide die from head and neck carcinoma each year .

would be relatively easy to obtain. Liquid biopsies could give a more “real-time” picture

To date, there are multiple known prognostic factors for treatment outcome of HNSCC

of the genomic status and evolution of a tumor, with the advantage of its low impact on

patients, including for instance TNM stage, human papillomavirus (HPV), performance

the patient and the possibility to measure different biomarkers from different bio-sources.

and smoking status. Unfortunately, treatment response and clinical outcome cannot be

There is an increasing amount of data showing that different bio-sources such as plasma,

predicted with sufficient accuracy with these prognostic factors alone. Also, response to

cerebrospinal fluid, saliva, pleural effusions, urine, etc. can be used obtain clinically relevant

radiotherapy is usually assessed radiologically. However, anatomical changes indicating

information. Moreover, different biomarkers can be evaluated in these bio-sources.

1,2

3

response usually only develop in the course of weeks or months. An early response
parameter during treatment could help to identify patients that have a good treatment

CtDNA in head and neck carcinoma

response and might benefit from treatment adaptation, e.g. dose (de)-escalation. Moreover,

In HNSCC, data regarding liquid-based biomarkers to evaluate disease burden, response

a new or additional tool next to conventional imaging for response evaluation after

to therapy, evaluation of the risk of developing metastatic disease and/or evaluate the

treatment would be beneficial to detect recurrences or residual disease in an earlier stage,

presence of minimal residual disease during treatment are scarce13. Recently, van Ginkel

thereby increasing the chances of success of salvage therapy. If a tumor recurs, surgery

et al determined TP53 mutations in surgically resected primary tumor samples from six

is still a valid option to obtain cure in many patients. The extent and related morbidity

patients with high stage (II-IV), moderate to poorly differentiated HNSCC14. Pre-treatment

of the surgery, as well as the chance to obtain tumor-free resection margins, depend to

plasma samples from these patients were examined on the presence of ctDNA by droplet

a large extent on the size of the recurrence. Our group showed that overall survival was

digital PCR (ddPCR) using mutation-specific assays. In all cases, plasma samples were found

significantly better in patients were salvage treatment was possible, compared to those

positive for targeted TP53 mutations in varying degrees (absolute quantification of 2.2-422

without possibilities for salvage treatment (70 vs. 6%, p<0.001) . Timely detection of residual

mutational copies/ml plasma), showing that detection of tumor specific TP53 mutations

or recurrent disease is, therefore, of utmost importance.

in low level ctDNA from HNSCC patients using ddPCR is technically feasible and provide

4

ground for future posttreatment surveillance. However, according to current insights, next
Levels of cell-free circulating tumor DNA in blood and saliva, also known as ‘liquid biopsies’,

generation sequencing (NGS) of multiple known mutations as listed in the TCGA atlas15 in

could serve as such prognostic and early response marker. Tumors continually shed DNA

both plasma and saliva is believed to result in a higher sensitivity. Wang et al published an

into the circulation, where it can be accessed . This circulating tumor DNA (ctDNA) has

explorative, retrospective study and showed the possibilities of liquid biopsies in HNSCC

5

134

135

7

Chapter 7

ctDNA as a biomarker for treatment response, the PECAN study

in blood and in saliva16. In saliva they found ctDNA in 100% of the patients with oral

biobanks. For more than four years, the laboratory has worked on liquid biopsies and

cavity cancers and in 47-70% of the patients with cancers in other sites. In plasma, tumor

has extensive experience with the pre-analytical and analytical factors involved in ctDNA

DNA was found in 80% of the patients with oral cavity cancers and in 86 to 100% of the

measurement. The department is currently using different techniques for the analysis

patients with cancers in other sites, resulting in an overall sensitivity of 96% (47 patients)

of ctDNA (ddPCR and NGS). These techniques are used for patient care and numerous

when both specimens were combined. Both somatic mutations (TP53, PIK3CA, CDKN2A,

research projects on ctDNA. A close collaboration with the Genomic Core Facility facilitates

HRAS, NRAS) and HPV-16,-18 were analyzed in this study. In addition, Wang and colleagues

studies with ctDNA. Collaboration with the Core Facility Molecular Pathology & Biobanking

identified the presence of ctDNA in three patients post-surgery before the clinical diagnosis

(CFMPB) enables registration and coordination of human biobank material (serum, blood,

of recurrence. However, these patients all received surgery instead of radiotherapy.

circulating DNA). The CFMPB operates according to the Dutch legislation ‘the Code of
Conduct for dealing responsibly with human material in the context of health research’

Very recently, encouraging results of early ctDNA detection in 40 patients treated with

(Federa). The Institute’s Review Board (IRB), reviews each study using NKI-AVL Biobank

curative radiotherapy for stage I-III lung cancer were published . In 94% of all evaluable

material.

17

patients experiencing disease recurrence, ctDNA was detectable in the first posttreatment blood sample, indicating reliable identification of molecular residual disease

In summary, liquid biopsies in the form of ctDNA detection are very promising in treatment

(MRD). Also, post-treatment ctDNA detection preceded radiographic progression in 72%

response measurement and provide potential for future dose adaptation and tailored

of patients by a median of 5.2 months, proving ctDNA to be a very potential new tool

treatment. However, in patients that require primary curative radiotherapy for head and

in early detection of recurrences, compared to conventional imaging. More importantly,

neck carcinoma, we are still in the very early phase and further validation is warranted.

as presented by the authors at ASTRO San Diego 2017, in 13 patients ctDNA was also

First, in order to maximize sensitivity, NGS and consecutive mutational tracking of both

evaluated during radiotherapy treatment. They found the amount of ctDNA (<0.1% vs

blood and saliva during radiotherapy should be further developed. Also, clearance kinetics

>0.1%) during treatment to be predictive for disease recurrence (cox regression HR=2.7,

during radiotherapy need to be further evaluated in order to validate liquid biopsies as a

p=0.006) indicating that ctDNA can be accurately detected and may allow for personalized

solid biomarker for treatment response and future tool for dose (de)-escalation. Second,

adaptive treatment. Also presented at ASTRO 2017, Chera and colleagues evaluated the

to really elucidate the additive value of liquid biopsies over conventional imaging, one

amount of HPV16 ctDNA by ddPCR in 47 oropharyngeal carcinomas during radiotherapy

should take multiple biopsies and correlate this to imaging obtained during follow up

treatment as part of a dose de-escalation trial (Chera, ASTRO 2017). Contra intuitively, they

after treatment at the same time points. With this study, we address these topics for all

found low ctDNA levels at baseline to correlate with worse prognosis. Interestingly, the

patients with HNSCC in need for radiotherapy. As radiotherapy has been established as

researchers looked at clearance kinetic profiles and found a subgroup of patients with

primary treatment for most head and neck cancer subsites, we anticipate a great clinical

rapid ctDNA clearance within 4 weeks during treatment, perhaps identifying a group that

impact with this study. Once unveiled as effective prognostic marker, ctDNA could be

may benefit from further dose de-escalation.

directly implemented in daily clinics and as a tool for dose (de)-escalation in future trials.

CtDNA and the NKI-AVL clinical laboratory

OBJECTIVES

The NKI-AVL laboratory has long time experience on tumor- and biomarkers in oncology.
More than 100 studies are currently handled by the laboratory which emphasizes the

To assess the kinetics of ctDNA (in blood and saliva before, during and after primary

extensive experience with clinical trials. The biobank laboratory processes on average more

curative radiotherapy for HNSCC) and correlate this to freedom from progression (FFP).

than 2500 biobank samples per month including isolation of plasma, serum, platelets, full
blood, etc. The department functions as the central biobank facility for several national
136
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Primary Objective

cancers, while CT-scan will be used for laryngeal and hypopharyngeal cancer. When there

To validate ctDNA after treatment as a predictor for the presence of residual disease and

is sign of recurrence, imaging, CT/MRI and FDG-PET, will be performed and tissue biopsy

for the early detection of tumor recurrence.

and liquid biopsies will be obtained.

Secondary Objectives

If necessary, after consultation with the study coordinator, exact imaging and ctDNA

A.

The prognostic value of ctDNA during treatment as a biomarker for treatment

time points can be altered for included patients that also participate in other (therapeutic

response.

intervention) trials.

B.

Timing and accuracy of ctDNA as a predictor for recurrence in comparison to
conventional imaging.

C.

STUDY POPULATION

The correlation of traceable mutations found in blood / saliva in comparison to
mutations found in tissue biopsies, as a parameter for tumor heterogeneity.

Population (base)

The tumors’ genomic status and epigenetic evolution over time under pressure of

The study population consists of intermediate and high risk HNSCC patients who will be

radiotherapy.

treated with primary curative RT in the NKI-AVL. Concurrent administration of cisplatin,

E.

Sensitivity and specificity of ctDNA in blood compared to saliva.

cetuximab, other radio sensitizers and/or immunotherapy is allowed. In total, 70 patients

F.

The correlation between ctDNA before treatment and other clinical/biological

will be enrolled in this study.

D.

parameters i.e. SCC marker, smoking status, etc., in the prediction of treatment
response.

Inclusion criteria
In order to be eligible to participate in this study, a subject must meet all the following

STUDY DESIGN
This study is an observational study with prospective collection of blood and saliva

criteria:
•

≥ 18 years of age

•

Stage II-IV carcinoma of the larynx, hypopharynx, oral cavity or HPV negative

samples for ctDNA before, during and after treatment. Patients with HNSCC scheduled for

oropharynx or stage II-III HPV positive oropharyngeal carcinoma, histologically

primary curative RT at the NKI-AVL will be asked to participate. Written informed consent

confirmed according to the American Joint Committee on Cancer (AJCC) staging

(IC) will be obtained prior to study entry.

manual 8th edition
•

A total of 70 patients will be included. Blood and saliva specimens will be taken for ctDNA

Indication for primary curative radiotherapy with or without concurrent radio
sensitizer

analysis at baseline, weekly during treatment and at 2 weeks after treatment. CtDNA

•

WHO performance status 0-2

analysis will be assessed blinded to clinical and radiological/histopathological outcome

•

Signed written IC

(recurrence or not) and analyzed per batch at the end of the study period. During follow
up both blood and saliva will be obtained in combination with a CT/MRI scan on the

Exclusion criteria

same day at 3 months, standard procedure, and extra at 6 months, 1 year and 2 years after

•

treatment and at the time of progressive disease. The type of imaging modality depends

A potential subject who meets any of the following criteria will be excluded from
participation in this study:

on the location of the primary tumor according to the diagnostic protocol for HNSCC:

•

Metastatic disease

at our institute, an MRI scan is the preferred modality for oral cavity and oropharyngeal

•

Radiotherapy with palliative intent
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Diagnosis of any other malignancy within 5 years prior to start of treatment except for

Study procedures

adequately treated basal cell or squamous cell skin cancer, or carcinoma in situ of the

We will perform capture-based sequencing of blood (see section 6.5) and saliva to identify

breast or of the cervix, or low-grade (Gleason 6 or below) prostate cancer on surveillance

trackable mutations. CtDNA analysis will be assessed per batch at the end of the study

with no plans for treatment intervention (e.g. surgery, radiation or castration).

period. The capture set will at least contain TP53, PIK3CA, CDKN2A, HRAS, NRAS, ATM,
BRCA1 and EGFR as described by the Nature TCGA comprehensive genome atlas of head

Sample size calculation

and neck squamous cell carcinoma15. These mutations will be used for follow-up and

In total, 70 patients will be included. For sample size calculation, see paragraph “Statistical

tracking with ddPCR. We will correlate these data with patient specific mutations obtained

analysis”.

by tissue biopsies of the local tumor. Analysis of all TCGA mutations will have our priority
over single mutations derived from tissue biopsies, as tracking of single mutations is known

Duration of the study

to result in less sensitivity (58% versus 94%) as reported by Chaudhuri et al17.

We will include 70 patients in one year.
Treatment

METHODS

Patients will be treated with primary curative radiotherapy or chemoradiotherapy,
depending on the tumor location and stage. The standard RT fractionation scheme

Main study parameter/endpoint

(7 weeks) or DAHANCA (6 weeks) will be used as treatment. Chemotherapy (cisplatin),

The number of patients in which ctDNA measurement (in amplifiable copies per millilitre

cetuximab or other radio sensitizers are allowed, as well as immunotherapy.

blood and saliva) accurately predicts treatment outcome within 2 years after treatment,
in terms of FFP.

Baseline visit
At study entry, standard assessment for the following clinical/biological parameters will

Secondary study parameters/endpoints (if applicable)

be performed:

A.

CtDNA kinetics (clearance time, drop below a certain level, complete absence,

•

Age, weight, comorbidity (ACE-27)

etc.) during radiotherapy as a predictor for disease recurrence within 2 years after

•

WHO performance status

treatment, in terms of FFP.

•

Alcohol and smoking status

Levels of ctDNA at the time of corresponding conventional imaging in relation to

•

Tumor site, TNM-stage

disease occurrence.

•

HPV status (for oropharyngeal carcinoma)

The number of traceable mutations found in blood / saliva in comparison with

•

Hemoglobin (mmol/L) and leukocytes (x 109/L), SCC level in blood (ng/ml)

mutations found in tissue biopsies.

•

CT/MRI

B.
C.
D.

7

The tumors’ genomic status and epigenetic evolution over time under pressure of
radiotherapy, in terms of number of different detectable mutations at all specified

According to the diagnostic and follow-up protocol for HNSCC, MRI scan is the preferred

time points.

modality for oral cavity and oropharyngeal cancers, while CT-scan will be used for laryngeal

E.

Levels of ctDNA in blood compared to saliva at the same time points.

and hypopharyngeal cancer.

F.

Levels of ctDNA before treatment compared to other clinical/biological parameters

All study assessments are summarized in table 1.

in the prediction of treatment response.
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Specimen collection and analysis

during treatment, 2 weeks after treatment, 3-monthly the first year and 4-monthly the

ctDNA in blood and saliva will be collected only at regularly planned visits. This will be

second year after treatment. If clinically indicated, further radiological and/or metabolic

once before start of treatment, at 6-7 different moments during treatment, at five moments

response evaluation will be done.

after end of treatment and at recurrence (in total 13-14 time points).
Table 1. Treatment, routine (white) and research (grey) assessments

During treatment and regular follow up visits, blood will be drawn in combination with

Baseline

Treatment
wk 1-6/1-7

1x serum) will be obtained for biobanking and explorative biomarker analysis. Germline

Treatment3

DNA (only at baseline), platelets, serum and plasma will be isolated, bio-banked and

Medical history4

x

Physical examination5

x

Signing ICF

x

analyzed per batch at the end of the study period.

Follow-up1

Progression

2w

3m

6m

12m

24m

x

x

x

x

x

x

x9

x9

x

routine diagnostic vena puncture. In total at each time point 38 ml of blood (3x EDTA and

2

x
x

Specimen collection

For saliva collection, patients are asked to swish 15 to 20 ml of 0.9% sodium chloride in their

Hematology6

x

x7

x7

mouths for 10 to 15 seconds before spitting into the collection tube. Saliva will be frozen

Chemistry8

x

x7

x7

at −80°C until DNA purification, and the entire volume of saliva, without centrifugation of

ctDNA blood

x

x

x

x

x

x

x

x

cells, will be used for DNA purification.

ctDNA saliva

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Imaging

Tumor biopsies
At baseline, tumor material is routinely collected for diagnostic purposes. For oropharyngeal
carcinoma, HPV status will be obtained. In case there is any (left-over) historical biopsy
material available, it will be used for a confirmation of the somatic mutations found in
ctDNA. At disease progression, confirmation by tumor tissue biopsy is warranted according
to standard of care. DNA will be extracted from this biopsy material to confirm the somatic
mutations found in ctDNA and to study the presence of new genetic mutations.
Response evaluation
For radiological response evaluation, we will perform 3 additional conventional CT/
MRI scans during a follow-up period of 2 years. As golden standard for recurrence, both
imaging and histopathological confirmation will be used in routine care. The date of
disease recurrence is defined as the first date that recurrence is confirmed by imaging

CT / MRI10

x

FDG PET

x

x

Tumor biopsy12

x

x

11

1: For study purposes, patients will be followed for 2 years after treatment.
2: During treatment physical examination and specimen collection will occur weekly.
3: Patients will be treated with standard RT (7 wks) or DAHANCA (6 wks), CRT (cisplatin), RT + radio sensitizers
(cetuximab, other) and/or RT + immunotherapy. Tumor location determines RT scheme.
4: Including alcohol abuse, smoking history
5: WHO performance status, weight
6: Hb, ANC, platelet count incl. differentiation, Hct
7: Standard every week during treatment and at 2 weeks after treatment (only for patients treated with CRT)
8: LDH, phosphorus, sodium, potassium, magnesium, chloride, calcium, creatinine, albumin, total protein,
SGOT (AST), SGPT (ALT), bilirubin (ind + dir), GGT, alkaline phosphatase, glucose, lipase, CRP, ESR, TSH, fT4,
ACTH, SCC
9: Only fT4 and TSH
10: According to the diagnostic protocol for HNSCC, MRI scan is the preferable diagnostic modality for oral
cavity and oropharyngeal cancers, while CT-scan will be used for laryngeal and hypopharyngeal cancer.
11: An FDG-PET will be performed at baseline conform NKI-AVL standard of care. At disease progression, an
FDG-PET will be obtained if clinically indicated.
12: For oropharyngeal carcinoma, HPV status will be obtained at baseline.

and/or biopsy.
At diagnosis of recurrence, tumor biopsy and blood and saliva collection are mandatory.

Radiological evaluation

Specimen collection will ideally be within one month after diagnosis of recurrence.

See table 1 for timing of response evaluation by imaging. Radiological evaluation to detect

Patients will be seen by their treating physician according to standard of care: weekly

residual disease or tumor recurrence will be assessed according to routine CT scan and
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MRI follow up protocols. For CT scans contrast enhancement will be used. For MRI, regular

sided 95% specificity confidence interval with a width of 0.185 when the sample specificity

sequence protocols will contain at least a T1 with and without contrast enhancement, T2,

is 0.900.

T2 mapping, DCE perfusion and DWI diffusion. Treatment response will be assessed by the
radiologist and stated in the radiology report as: complete response (CR), partial response

CtDNA analysis will be assessed blinded to clinical and radiological/histopathological

(PR), progressive disease (PD), stable disease (SD), “possible residual tumor, not able to

outcome (recurrence or not) and analyzed per batch at the end of the study period. Patients

distinguish from post-therapy changes”, or not assessable (NA). Also, we will differentiate

that are withdrawn prior to end of radiotherapy treatment will be replaced. When the 70th

between residual disease (tumor < 6 months after end of radiotherapy) and recurrent

patient is included, the amount of blood draws per patient will be evaluated. Data from

disease (tumor recurrence between 6 months and 5 years after end of radiotherapy).

patients with less than 3 samples during treatment or zero samples during follow up will be
excluded from the analysis.

Withdrawal and replacement of individual subjects
Patients can leave the study at any time for any reason if they wish to do so without any

STRUCTURED RISK ANALYSIS

consequences. The investigator can decide to withdraw a subject from the study for urgent
medical reasons. Patients that are withdrawn prior to end of radiotherapy treatment will be

Blood and saliva will be collected at regularly planned outpatient visits. This will be once

replaced. When the 70 patient is included, the amount of blood drawls per patient will be

before start of treatment, at 6-7 different moments during treatment and at five moments

evaluated. Data from patients with less than 3 samples during treatment or zero samples

after end of treatment (38ml each). For patients treated with CRT (approximately 65% of all

during follow up will be excluded from the analysis. Patients that are withdrawn from study

included patients), blood will be obtained during routine blood draws every week during

will receive standard treatment.

treatment and 2 weeks after treatment. Patients may experience slight discomfort from

th

the vena puncture during blood draws. Per visit, approximately one vena puncture will be

STATISTICAL ANALYSIS

necessary. There is no expected discomfort from a total obtained blood volume of 38ml,
neither from saliva collection.

Based on data published by Wang et al and Chaudhuri et al , at baseline we aim to detect
16

17

mutations with 90% sensitivity. At clinical recurrence, both groups showed that all patients

Tumor and germline DNA will be analyzed using sequencing techniques. Therefore, there is a

with recurrences also had a positive ctDNA test, and all patients without recurrence had a

small possibility of detection of unsolicited findings, i.e. germline DNA variants that confer an

negative ctDNA test.

increased risk of developing malignancies or other diseases both for the patient and his/her
family. Patients should be informed and offered genetic counselling in case of revelation of

In the NKI-AVL about 110 patients with HNSCC are treated yearly with primary curative (C)

a variant that is clinically relevant and medically actionable. However, the analysis of ctDNA is

RT, 90% of them have stage II-IV disease. One-third of patients with locally advanced HNSCC

not part of an established workflow and methods have not been validated yet. Therefore, it

will develop tumor recurrence within 1 year . We expect an accrual rate of 70%. Out of

is not expected that reporting of the data to the patient will take place in the present study.

18

precaution, we assume that about 10% of these patients will not be evaluable. As a result, we
will include 70 patients in one year resulting in 20 evaluable patients with disease recurrence

Patients participating in this study will not gain from ctDNA measurement, as analysis will

(110 * 0.9 * 0.33 * [0.7-0.1] = 20).

occur per batch at the end of the study period. However, 3 additional conventional CT
scans or MRI scans will be performed during follow up. The possible advantages of these

A sample size of 70 with assumed prevalence 0.280 produces a two-sided 95% sensitivity

extra scans will be very stringent follow up, with the possibility of more early diagnosis of

confidence interval with a width of 0.313 when the sample sensitivity is 0.900, and a two-

tumor recurrence. We thereby aim to increase the chances of success of salvage therapy.
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If a tumor recurs, surgery is still a valid option to obtain cure in many patients. The extent
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compared to those without possibilities for salvage treatment (70 vs. 6%, p<0.001) Timely
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detection of residual or recurrent disease is, therefore, of utmost importance. An MRI is not
accompanied by extra radiation burden. In our opinion, the additional radiation burden from
CT imaging is acceptable in view of the possible advantages. The CT and MRI scans will be
performed with contrast enhancement, which requires i.v. injection with contrast agent. On
rare occasions an allergic reaction can occur.
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GENERAL DISCUSSION

Patients in the CRT group did not receive standard of care surgery for various reasons,
but mainly because patients were medically not operable due to comorbidity or

Conventional treatment for locoregionally advanced head and neck squamous cell

functionally unresectable due to large tumor volume. Therefore, these patients are not

carcinoma (HNSCC) consists of organ preserving chemoradiotherapy (CRT) or extensive

strictly comparable with patients who were able to receive surgery as primary treatment

surgery often with adjuvant radiation therapy. For tumor recurrences after (chemo)

of choice. Patients were treated with (C)RT when surgery was assumed not feasible and

radiotherapy, salvage surgery is considered a last resort curative treatment. In the first

therefore reserved for the very worst cases. Indeed, patients treated with (C)RT had a

three chapters of this thesis, we have critically assessed conventional therapeutic strategies

higher tumor stage and larger tumor diameter. After correcting for confounding and

for advanced primary and recurrent HNSCC. Due to disappointing treatment outcomes,

prognostic factors such as tumor volume and ASA score (as a surrogate for comorbidity),

we concluded that complementary treatment options should be explored. Therefore, in

there was no significant difference in clinical outcome between definitive (C)RT and

the second part of this thesis we investigated feasibility and efficacy of immunotherapy

primary surgery except for locoregional control. Especially tumor diameter confounded

combined with standard of care and have paved the way for further development of

the group comparison hazard ratio. Since we only measured local tumor diameter and

immunotherapeutic strategies in combination with surgery and radiotherapy. In the last

not regional bulk, we think that this might be the reason that the tumor diameter was

part of this thesis, we focused on treatment response monitoring and propose circulating

not a predictive factor for locoregional control in our analysis. These data suggest that

tumor DNA as a biomarker for treatment response and a future tool for patient-tailored

CRT for advanced OCC, when compared to surgery, results in better tumor control than

treatment.

generally assumed. However, surgery with adjuvant (C)RT remains the treatment of choice
for advanced stage OCC.

In the following paragraphs, we elucidate on the most important findings from our studies
and describe what would be the most interesting starting points for exploring what is or

Five percent of patients died from treatment-related toxicity. This is mainly explained by

should be next in advanced stage HNSCC treatment.

generally poor physical condition, comorbidity and large tumor burden, in combination
with treatment-related side effects. This is comparable with a 6-9% treatment-related death

Radiotherapy as an alternative for inoperable tumors

rate in other series1,4,5. Such a high mortality rate indicates a need for strict selection of

In chapter 2 we retrospectively analyzed all patients with advanced stage oral cavity

patients to ensure this treatment is only offered to those who are fit enough to withstand

carcinoma (OCC) who were treated with definitive (C)RT between 2000 and 2013 in our

the toxicity. Unfortunately, we were not able to evaluate quality of life (QoL). As this was

institute. We compared outcome of patients treated with definitive (C) RT with to those who

a retrospective analysis, validated questionnaires at baseline were not available. As both

were treated with standard of care, e.g. surgery followed by adjuvant (chemo)radiotherapy.

definitive radiotherapy and primary surgery may be accompanied by extensive morbidity

Our data suggest that definitive (C)RT is a curative alternative when surgery is not feasible.

and decreased QoL, for future research we recommend including validated questionnaires

After a follow-up period up to 154 months, 50% of patients were free from locoregional

for better comparison of these treatment modalities. From long term QoL data amongst

recurrence after (C)RT versus 78% after surgery. Although at five years only one-fifth of all

survivors with advanced oropharyngeal carcinoma (n=57), we know that physical and

patients was alive and disease-free in the CRT group, disease-specific survival (DSS) was

social functioning is significantly favorable after CRT compared to surgery with adjuvant

39%. These survival data are in line with previously reported five-year progression-free

RT. However, considering that these data are not randomized and that there is a higher

survival (PFS) of 21-66% and five-year overall survival (OS) of 17-67% after chemoradiation

postoperative morbidity in the setting of salvage surgery, future prospective clinical trials

for advanced stage OCC from other studies . As most of these patients are regarded to

with a higher number of patients are required to confirm these conclusions6.

1-3

be beyond cure or in need of considerably morbid surgery like total glossectomy, these
survival data are noteworthy and provide guidance in clinical decision-making.
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Despite all efforts, the main treatment failure in both groups remains to be local recurrence.

Interpretation of our data must be tempered by the recognition of substantial bias. The

Hence, there is an urgent need for better treatment options. Over the last decade,

results presented here reflect a selected study group, as we included only well-documented

immunotherapy has revolutionized cancer treatment. Perhaps by adding immunotherapy

studies that clearly met our inclusion criteria and primary endpoints of interest. Specifically,

to standard of care, local control and metastasis-free survival can be improved for patients

we only evaluated salvage surgery after primary RT or CRT and not after primary surgery,

with advanced stage HNSCC who apply for definitive radiotherapy or surgery in the

thus our results only apply to this specific patent group. In addition, the reported disease

curative, first-line setting.

control and survival rates may be positively skewed as we accepted studies if <10% of
patients had early stage of disease. However, out of 729 patients from 16 studies, there were

Salvage surgery for tumor recurrence after radiotherapy

27 patients with early stage disease in the primary setting and 11 patients in the recurrent

If a tumor recurs following radiotherapy, treatment options are limited, and salvage

setting. That accounts for only 1-3% of all included patients. We consider this acceptable,

surgery is considered a last resort curative treatment option. In chapter 3, we performed

given the fact that excluding all studies with a heterogeneous case mix would result in

a systematic review and meta-analysis of literature specifically focusing on advanced stage

unacceptable loss of available data. Last, although the studies were of acceptable quality

disease and found a pooled five-year OS of 37%. These results are higher than we expected,

and reflected our outcomes of interest as scored by the Newcastle Ottawa Scale, the

probably due to adequate selection of patients who were suitable for surgery. Larynx

differences in outcome between individual studies were considerable. Although the funnel

recurrences are more often resectable than tumors from other subsites, mainly because of

plot was relatively symmetrical around the pooled estimate, 5 of 16 studies were outside

anatomical and functional reasons. Consequently, most patients in our study were treated

the triangular region, indicating significant publication bias. Altogether, despite very strict

for larynx carcinoma. We found no statistically significant survival difference between

selection, heterogeneity within and between studies appeared to be unavoidable.

tumor subsites, which however should be interpreted with care since a limited number
of non-laryngeal tumors were included in our analysis. The lack of available literature on

Reviewing the literature, we found that some clinically relevant questions remained

this group of patients indicates a need for further investigation.

unanswered. We therefore performed a retrospective analysis of all patients treated with
salvage surgery for tumor recurrence in our institute between 2000 and 2016, as described

That being noted, our data might suggest that, specifically for advanced tumors, the

in chapter 4. To minimize heterogeneity, we only selected patients who received salvage

difference in outcome between tumor subsites following salvage surgery is less distinct

surgery after primary curative RT or CRT as index treatment. We found that salvage surgery

than after primary surgery in the first line. This agrees with data from Davidson et al., who

for larynx carcinoma, when corrected for other variables such as disease stage, results

published one of the few studies regarding salvage surgery for advanced larynx carcinoma.

in a more favorable loco(regional) control than for other HNSCC subsites. In addition,

In a cohort of 108 patients, the three-year OS rate was only 22% , suggesting that salvage

salvage surgery for local tumor recurrence resulted in improved crude DFS in comparison

surgery for advanced larynx carcinoma results in more unfavorable disease control than

to regional recurrences. However, this difference was not statistically significant after

generally expected. In addition, Goodwin et al. performed a meta-analysis and found a

adjusting for prognostic and confounding factors. Those patients receiving salvage surgery

five-year OS of 36.7% after salvage surgery for advanced larynx carcinoma . The authors

for locoregional disease had a disappointing median OS of eight months. After five years,

also performed a prospective study of 109 patients who underwent salvage surgery for

only 13% were alive and disease-free. These results are discouraging, especially because

all HNSCC subsites and stages and found no significant difference in outcome between

salvage surgery is accompanied by significant morbidity. For this subgroup, we propose

tumor subsites. Moreover, Clark et al. showed extra capsular extension (ECE) but not tumor

that salvage surgery is only offered to highly motivated patients with small local tumors

site to be a significant negative predictor for DSS .

and limited comorbidity, as high pT-stage and ASA score were independent predictors

7

8

9

for worse DFS.
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Immunotherapy in combination with radiotherapy

that tolerance of pembrolizumab-RT was better when compared to cetuximab-RT, as there

Since the Bonner landmark trial in 2006, RT concurrent with cetuximab (a monoclonal

was significantly less grade ≥3 mucositis and radiation field dermatitis15.

antibody that targets the EGFR receptor on tumor cells) is an alternative primary treatment
for advanced stage HNSCC patients who are unfit for concurrent cisplatin treatment10.

In total, four of the eight patients (50%) who completed treatment showed a tumor

However, as overall survival is less than 50% after five years, this group of patients may

recurrence after a median of ten months. That is a relatively high recurrence rate, and two

benefit from novel treatment options. As described in the introduction section, we believe

patients with recurrent disease had HPV positive stage-I disease (AJCC’s 8th edition). This

that boosting the immune system by immune checkpoint blockade (ICB) offers the most

was an unexpected finding as this disease entity is known to have a favorable prognosis16.

promising strategy for further improvement of treatment. In chapter 5, we tested the

However, we cannot draw conclusions regarding efficacy based on only 8 evaluable

feasibility of a PD-L1 immune checkpoint inhibitor concurrent with cetuximab-RT. We

patients. Our feasibility data provide grounds for further evaluation within larger efficacy

provide evidence that concurrent administration of avelumab at a dose of 10 mg/kg i.v.

trials and a direct comparison of immuno-radiotherapy with standard of care is warranted.

with cetuximab-RT is feasible, which is of importance as these patients are relatively fragile

We must await these data to conclude whether immune-related toxicity is augmented by

and characterized by older age, extensive comorbidity and a history of smoking or alcohol

radiotherapy and whether this combination treatment results in better outcome compared

abuse.

to standard of care.

There has been general concern about additional toxicity, both RT- and immune-related.

Immunotherapy in combination with surgery

Four of nine patients developed grade 3 immune-related toxicity. This rate of toxicity is

As presented in chapter 2, 3 and 4, outcome after primary surgery for advanced oral cavity

higher than the 13% grade 3-4 immune-related toxicity following anti-PD-1 (nivolumab)

carcinoma and salvage surgery for recurrent tumors following radiotherapy is disappointing.

monotherapy for recurrent metastatic HNSCC . Three patients required high dose

In chapter 6, we therefore aimed at improving clinical outcome and tested the feasibility

prednisone, but symptoms were manageable and transient. The study treatment was

and efficacy in terms of histopathological response to neoadjuvant ICB prior to standard

considered feasible as six of the eight evaluable patients received all 14 planned avelumab

of care surgery. We have shown that neoadjuvant nivolumab monotherapy (arm A, six

courses. Only one patient could not continue treatment due to grade 3 toxicity but did

patients) or nivolumab + ipilimumab (arm B, six patients) can be safely administered in

receive four courses of avelumab in total. Furthermore, all patients were able to complete

advanced stage HNSCC patients, who are characterized by considerable comorbidity and

cetuximab-RT as planned and the incidence and severity of RT-related toxicity were in

in need of extensive surgery. All patients were treated without surgical delay (≤week 5)

accordance with standard of care. Our data are in line with recently presented safety run in

and immune-related toxicity was manageable and transient. We observed encouraging

data from GORTEC’s REACH and the RTOG-3504 randomized phase-III trial, both showing

histopathological responses (two near complete and one partial response) in three of

comparable or even slightly worse toxicity from the combination of cetuximab-RT with

six patients after two courses of nivolumab combined with ipilimumab within a very

a PD-(L)1 inhibitor

short five-week time frame. However, phase-IB of this trial was limited by the number of

11

12,13

.

included patients. In addition, we introduced patient heterogeneity by including patients
It should be noted that, although cetuximab has a different toxicity profile and less

with primary tumors and recurrent disease following radiotherapy for instance. Therefore,

overall toxicity-burden compared to cisplatin, the absolute percentage of acute toxicity

these promising histopathological responses following dual checkpoint blockade warrant

is equivalent with inferior efficacy in HPV+ oropharyngeal carcinoma . This raises the

further evaluation within our phase-II efficacy expansion cohort, which is now open for

question of whether cetuximab is needed for cisplatin ineligible patients. Therefore, the

accrual.

14

NRG-HN004 trial (NCT03258554) was initiated to explore the efficacy of cetuximab-RT
versus durvalumab-RT. Preliminary data from another phase-II randomized trial indicate
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Our results are in line with the data from Ferrarotto and colleagues recently presented at

From our IMCISION trial as presented in chapter 6, we have learned that pathological

ASCO 2019. This group found that administering neoadjuvant durvalumab (anti-PD-L1)

response after neoadjuvant ICB is not adequately visualized on FDG-PET scan and

with or without tremilimumab (anti-CTLA-4) prior to curative surgery for oropharyngeal

conventional MRI RECIST 1.1 criteria. The nature of response to checkpoint inhibition and

carcinoma was safe and well tolerated and resulted in 32% “major” pathological responses

known limitations of conventional response evaluation thus highlight the need for new

in the primary tumor or lymph nodes . In this window of opportunity trial, surgery was

biomarkers in order to select those patients most likely to benefit23. We tested PD-L1

performed after eight weeks as compared to our five-week interval. Our observation that

Combined Positive Score (CPS) and the presence of tumor-infiltrating lymphocytes (TILs)

neoadjuvant nivolumab with or without ipilimumab induces pathological local tumor

in the tumor microenvironment, which were not predictive for treatment response. This

responses in 4 of 12 HNSCC patients is encouraging in view of previously described ICB

is in contrast with findings from others22,24, possibly due to large intra-patient variations

efficacy in the metastatic HNSCC setting. This increased efficacy in earlier stage HNSCC

in this small study cohort. Of note, based on the recently published randomized phase-

has also been reported for bladder carcinoma , non-small-cell lung carcinoma and

III data from the Keynote-048 trial, CPS has now unequivocally been recognized as a

cutaneous melanoma . In line with Luginbuhl et al. , we found discordant treatment

predictive marker and is approved as such by the FDA. We found that mutational load is

effects, as two patients with a near pathological complete response (near pCR) at the local

associated with response to ICB, which is in line with previously reported data from the

tumor site showed either a mixed (n=1) or no (n=1) pathological response to neoadjuvant

Keynote-012 trial25. Our explorative translational research data suggest several immune

ICB in their lymph node metastases. Whether these patients are ‘true’ mixed regional

signatures are increased after immunotherapy, irrespective of treatment response and

responders or whether activated immune cells would have been capable of eliminating

predominantly after combination ICB. The latter may also be explained by the higher

remaining tumor cells with time or an increased number of neoadjuvant ICB courses,

number of pathological responders found after combination ICB or might suggest an

remains to be evaluated. For those patients with a clinically significant response to ICB

added value of ipilimumab compared to nivolumab alone. However, further studies

in week 5, perhaps ICB can be continued under close surveillance and surgery can be

are required for a direct comparison of nivolumab monotherapy versus a nivolumab-

postponed. As these patients may therefore potentially be spared from major surgery, a

ipilimumab combination regimen. Interestingly, baseline B7-H3 was upregulated in

future trial evaluating such a strategy would be of major importance.

non-responding patients compared to responders. B7-H3 (CD276) can be expressed on

17

18

20

19

21

both tumor cells and antigen-presenting cells and has previously been described as a
Biomarker assessment and patient selection for immunotherapy

co-stimulatory molecule that enhances the induction of cytotoxic T cells and selectively

Despite of the great potential benefit from ICB, only a minority of HNSCC patients will have

stimulates interferon gamma (IFN-gamma) production in the presence of T cell receptor

a clinical response. In the keynote-048 trial, the overall response rate in the pembrolizumab

signaling26. In contrast, others have reported a correlation between B7-H3 upregulation in

only arm was 17%, versus 36% after standard of care chemotherapy. Fortunately, the

oral squamous cell carcinoma (OSCC) and greater tumor size, advanced stage, and poor

duration of the treatment response after immunotherapy was considerably longer (22.6

survival27. More data is emerging that underline the immune inhibitory functions of B7-H3.

vs. 4.5 months) and resulted in a clinically relevant overall survival benefit of 11-16% after

First, we know from mouse breast cancer models that B7-H3 promotes the Warburg effect

2-years . As the potential for serious side effects exists, adequate patient selection is of

by an increase and stabilization of HIF1alpha, characterized by an excessive conversion of

utmost importance. However, no robust biomarkers have yet been identified and there are

glucose to lactate28,29. Tumors prefer glycolysis for proliferative metabolism rather than

some important questions that remain to be answered: which patients should we select

the more efficient oxidative phosphorylation . Indeed, we found significantly increased

for immunotherapy treatment? How should we evaluate treatment response? And how

glycolysis signatures on-treatment in non-responders, potentially caused by a B7-H3-

can we best optimize the currents treatments?

induced metabolism unfavorable for developing a meaningful immune response. Second,

22

30

in immune competent transgenic HNSCC mouse models, the inhibition of B7-H3 enhances
antitumor immune activity by reducing immature myeloid cells31. Third, B7-H3 expression
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correlates with non-responsiveness to PD-1 blockade in non-small cell lung carcinoma

ctDNA levels may still vary widely between patients, depending on for instance anatomic

(NSCLC) by a negative modulation of CD8 T cell-mediated immune surveillance . Fourth,

location (proximity to vasculature) and biologic features40. In early stage and low volume

B7-H3-deficient mice showed reduced growth of multiple tumor types due to enhanced

metastatic disease, ctDNA may represent a rare and undetectable subpopulation within

type I IFN-release by CD8 cells and cytotoxic activity of natural killer cells . We also found

abundance of total ‘normal’ cell-free DNA43,49. But above all, tumor heterogeneity may

that post-treatment NK cell (confirmed with immunohistochemistry) and NK CD56dim

account for significant false negative results, especially if a “branch” subclone is selected

cell signatures were significantly increased in responding patients. The importance of

instead of the tumor-initiating alteration (the “trunk”). In addition, when ctDNA is assessed

NK cells in HNSCC has previously been described by Mandal et al., who characterized

longitudinally, tumor profiles can evolve under pressure of treatment which also may

the immune landscape and found CD56dim cell infiltration correlated with superior

result in an increased false negative rate50-52. ctDNA detection methods should therefore

survival in HNSCC34. There is a growing body of evidence underlining the influence of

also account for enough genomic coverage with multiple markers and should anticipate

NK cells on key components of the adaptive immune system, predominantly by Th1 and

mutational evolution under radiotherapy treatment. Such an approach, however, may be

myeloid cell activation through early IFN-gamma secretion

. Moreover, NK cells can

limited by practicality and costs. Moreover, along with increasing detection sensitivity,

, making them potentially responsive to PD-1 inhibition. In addition, NK cell

there is a higher risk of detecting clinically irrelevant molecular changes. With the PECAN

32

33

35,36

present PD-1

37,38

cytotoxicity can directly be inhibited by regulatory T cells, largely by a TGF-beta-dependent

study, we try to overcome these biological, technical and practical challenges.

mechanism . Indeed, depletion of T-regs prior to NK cell activation drastically enhanced
39

NK cell-mediated tumor growth suppression. This may suggest that, along with a direct

FUTURE PERSPECTIVES

effect of anti-PD-1 inhibitors, regulatory T cell inhibition by anti-CTLA-4 can also boost NK
cell-mediated tumor kill.

In the primary part of this thesis, we have evaluated clinical outcome after standard of care
treatment for advanced stage HNSCC. Unfortunately, we must conclude that the chances

Radiotherapy response evaluation and treatment adaptation

of successful treatment are considerably poor. Aiming at improving clinical outcome, in

The identification of predictive biomarkers is of a great clinical importance, and those

the second part of this thesis we therefore combined immune checkpoint blockade (ICB)

biomarkers are not limited to immunological parameters. Therefore, other options

concurrent with definitive radiotherapy and prior to primary and salvage surgery.

need to be explored. In chapter 7 we report on the PECAN study, evaluating ctDNA for
treatment response monitoring. ctDNA in body fluids is associated with tumor burden

With the BIR trial, we have shown that anti-PD-L1 ICB in combination with cetuximab-

in multiple tumor types

RT is feasible. We cannot conclude whether the combination of immunotherapy with

40-44

. The presence of ctDNA after treatment indicates residual

disease and is likely to be an early marker for relapse

. CtDNA therefore holds great

radiotherapy potentially results in higher immune-mediated toxicity rates than with

potential as a biomarker and may very well play a key role in personalized treatment in the

immunotherapy alone. Currently, there are many ongoing randomized phase-III trials and

near future. Next to immunotherapeutic implications, this type of direct residual tumor

we must await further data that will tell us whether avelumab concurrent with radiotherapy

measurement might be of value in radiotherapy response evaluation. That being said, the

for advanced stage HNSCC results in better treatment outcome without compromising

clinical utility of ctDNA will strongly depend on its detection sensitivity if present (analytic

standard of care. In the coming years, an important focus should be on the optimal dose

sensitivity), as well as the proportion of patients for whom ctDNA should be detectable

and fractionation regimen of radiotherapy and timing of immunotherapy. Most studies

(clinical sensitivity) . In a retrospective proof of principal study of 47 HNSCC patients,

are focused on hypofractionated regimens, as there is evidence that short courses of

Wang et al. reported an overall sensitivity of 96% when both blood and saliva ctDNA

subablative radiation doses are preferable53,54. There have been concerns that radiotherapy,

measurements were combined48. However, along with most other liquid biopsy studies,

not only at higher doses but also in general, may have an immunosuppressive effect55,56.

this is a retrospective study and characterized by a limited number of patients. Absolute

In particular, large radiation fields (for instance elective lymph node fields in HNSCC)

45,46

47
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may be toxic for the circulating lymphocytes, which are very sensitive to RT57,58. Indeed,

Data from the IMCISION trial prove that neoadjuvant ICB can induce very encouraging

radiotherapy-associated immune suppression has been correlated with decreased

major pathological responses just within a five-week timeframe until standard of care

survival

. Fortunately, others have found evidence suggestive of an effective cellular

surgery. These overwhelming results, along with the great possibilities of translational

immune response following immunotherapy combined with more fractionated radiation

biomarker research, will make neoadjuvant immunotherapy prior to surgery the most

regimens

. Results from pre-clinical data indicate that administering PD-L1 inhibitors

leading treatment approach for the coming years. For those patients with a clinically

concurrently but not sequentially results in improved survival . In patients with non-

significant response to ICB in week 5, perhaps ICB can be continued under close

small cell lung carcinoma (NSCLC), a short interval (<14 days) between RT and start of

surveillance and surgery can be postponed. As these patients may therefore potentially

immunotherapy was associated with favorable outcome, suggestive of an additive effect

be spared from major surgery, a future trial evaluating such a strategy would be of major

if RT was combined with concurrent immunotherapy . However, more in-human studies

importance. Our early explorative analyses indicate that NK cells may play a key role in

are needed to confirm these findings.

immune checkpoint blockade and that B7-H3 expression on pre-treatment biopsies might

59,60

61-63

64

65

have prognostic value for ICB responsiveness in HNSCC. These results need to be further
To prevent regional disease recurrence, cervical draining lymph nodes are frequently

explored within a larger cohort of patients and might serve as potential biomarkers for

treated with elective nodal irradiation (ENI). DC priming of naive T cells by cross-

response to neoadjuvant immune checkpoint blockade in patients with advanced HNSCC.

presentation of MHC class I tumor antigens specifically occurs at draining lymph nodes
(DLN), which are therefore essential for tumor CD8+ T cell responses. During priming, DCs

The search for robust treatment response biomarkers expands beyond immunologic

relay help signals from CD4+ T cells to CD8+ T cells in peripheral lymph nodes to optimize

parameters. The aim of the PECAN study is to improve response evaluation after

the magnitude and quality of the CTL response in the tumor microenvironment . From

radiotherapy, hoping that a more stringent follow up will result in earlier diagnosis of tumor

this we can conclude that ENI may undermine an effective immune response. Indeed, the

recurrence and consequently an increased chance of successful salvage therapy. Whether

generation of tetramer-positive tumor-specific cytotoxic T cells was significantly reduced

earlier diagnosis of recurrence indeed results in a survival benefit over conventional follow

67

after radiation in mice when DLN were either surgically removed or genetically defective .

up has yet to be proven. By serial liquid biopsy assessment during treatment, our ultimate

In addition, Marciscano et al. demonstrated a reduced number of intra-tumoral antigen

objective is to develop a tool for radiotherapy dose (de)-escalation in future clinical trials

specific CD8 effector T cells in mice that underwent irradiation of both the tumor and

in order to demonstrate that ctDNA guided radiotherapy yields superior outcome over

DLNs compared to those receiving irradiation of the tumor alone . Although these pre-

conventional strategies.

66

+

68

clinical studies suggest that irradiation of DLN may neutralize an immunogenic response,
this phenomenon has yet to be evaluated in humans. This is of major importance, as
conventional radiotherapy is a proven effective curative strategy resulting in five-year
locoregional control of approximately 70%69. Thus, ENI will probably not be abandoned
any time soon because of the favorable therapeutic ratio and adequate sparing of delicate

8

normal tissue. Alternative radiation schedules should therefore be of major interest for
future clinical trials. Smart “hybrid” sequences might offer a solution, wherein immunogenic
hypofractionated local tumor RT is preceded or followed by fractionated ENI. Ideally, one
should randomize multiple hybrid schemes in combination with longitudinal immune
monitoring in order to select the most immunocompetent approach.
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be poor, reported survival rates vary widely as published studies are small and heterogeneous
in-patient characteristics and type of treatment. For proper informed consent, in chapter 3

Worldwide, more than 650,000 patients are diagnosed with head and neck cancer

we therefore performed a systematic review and meta-analysis of clinical outcome with

annually, which accounts for approximately 63,500 deaths in Europe each year. Head and

a specific focus on salvage surgery for loco(regional) recurrent advanced stage HNSCC

neck squamous cell carcinoma (HNSCC) can be categorized based on tumor subsite,

following definitive RT or CRT. In total, 16 of 3956 screened studies met the criteria for

e.g. originating from the oral cavity, nasopharynx, oropharynx, larynx and hypopharynx.

inclusion and analysis (729 patients). The pooled tumor-positive resection margin rate was

For most patients with locoregionally advanced pharyngeal and non-bulky laryngeal

32%, re-operation rate was 17%, wound infections occurred in 24% and transposition flap

carcinomas, organ preservation radiotherapy (RT) with or without chemotherapy

failure in 3% of patients. Treatment related mortality rate was 1%. As the pooled five-year

is standard of care. For advanced stage oral cavity carcinoma (OCC), surgery is the

OS was 37%, salvage surgery for recurrent advanced stage HNSCC after definitive (C)RT

preferred treatment as these tumors are less radiosensitive and there are concerns about

can be considered a good last resort curative treatment option. There was no significant

radiotherapy-related toxicity. Also, surgery for tumors from the oral cavity is relatively

difference in survival outcome between tumors from the oral cavity, larynx, oropharynx

less invasive compared to tumors from other subsites due to better surgical exposition.

and hypopharynx. However, as data from non-laryngeal tumors were sparse, no solid

Consequently, most patients are considered beyond cure in many oncologic centers when

conclusions could be drawn regarding outcome differences between tumor subsites.

surgery is not feasible. However, we believe that definitive chemoradiotherapy (CRT) might
be a curative alternative in selected patients. The aim of the study in chapter 2 was to

After reviewing literature regarding salvage surgery for recurrent advanced HNSCC, some

compare clinical outcome after definitive (C)RT with standard of care, e.g. surgery with

clinically relevant questions remained unanswered. For guidance in clinical decision-

adjuvant (C)RT. We performed a single center retrospective analysis of all patients with

making, our objective was to gain insight in specific patient subgroups that would be likely

advanced stage OCC treated in our institute between 2000 and 2013. Patients who were

to benefit from salvage surgery. In chapter 4, we performed a single center retrospective

treated with definitive (C)RT had a higher tumor stage and larger local tumor diameter, all

analysis of 189 patients from the NKI-AVL (2000 – 2016) and specifically focused on (1)

other baseline characteristics were equally distributed between the CRT group (n=100)

difference in prognosis per tumor subsite, corrected for disease stage and (2) differences

and surgery group (n=109). Within 100 days, five patients (5%) died from treatment-related

in prognosis after salvage surgery for local, regional and locoregional recurrences. Five-

toxicity in CRT group and one patient after surgery (p=0.21). At five years, locoregional

year OS was 33% for the entire cohort. Within 100 days after end of treatment, 3 patients

control (LRC, 49% vs. 77%) and overall survival (OS, 22% vs. 45%) were significantly worse

(2%) died from treatment-related complications. We found that salvage surgery for larynx

after definitive (C)RT. However, differences in outcome between both groups remained

carcinoma results, regardless of disease stage and other confounders or prognostic factors,

only significant for locoregional control (adjusted HR=2.88, 95%CI 1.35-6.16, p=0.006) after

in favorable locoregional control (adjusted HR=5.34, 95%CI 1.83-15.61, p=0.002) but not

adjusting for confounders and prognostic factors. Although at five years only one-fifth

favorable disease-free survival (DFS) when compared to pharyngeal carcinoma. The

of all patients were alive and disease-free in the CRT group, we found a five-year disease

observed difference in DFS between salvage surgery for local and regional recurrences

specific survival (DSS) of 39%. Based on these results, we conclude that definitive (C)RT is

was not statistically significant after correction for confounders and prognostic factors.

a curative alternative in patients often deemed beyond cure and should be considered

However, survival following salvage surgery for locoregional disease was significantly worse

when surgery is not feasible.

than for local of regional recurrent tumors, resulting in a median OS of only eight months.
For this subgroup, we propose that salvage surgery is only offered to highly motivated

Patients with recurrent HNSCC after definitive RT may apply for salvage surgery as a

patients with small local tumors and limited comorbidity, as high pT-stage and ASA score

last resort curative treatment option. Especially in advanced stage disease, this requires

were independent predictors for worse DFS.

extensive surgery that can result in significant morbidity. Although prognosis is known to
172
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For most advanced stage HNSCC other than oral cavity carcinoma or bulky laryngeal

ipilimumab in week 1. Immune-related grade 3 toxicities (n=3) were transient and well

carcinomas, definitive RT is standard of care with concurrent cisplatin as a radiosensitizer.

manageable. Although Comorbidity (ACE-27) was moderate-to-severe in 7 of 12 patients,

For those patients who do not apply for cisplatin treatment because of age or comorbidity,

all were able to receive major (salvage) surgery without toxicity-related treatment delay.

the monoclonal antibody cetuximab is an effective alternative. This treatment strategy,

The combination of nivolumab plus ipilimumab resulted in pathological responses within

however, results in a disappointing five-year OS below 50%. Over the last decade,

a short five-week time frame in 3 of 6 patients. Non-responders showed higher B7-H3

immunotherapy has revolutionized cancer treatment. In recurrent metastatic HNSCC,

gene expression in pre-treatment biopsies as compared to responding patients, who

anti-PD-1 immune checkpoint blockade (ICB) results in a 19% OS benefit at one year

were in addition characterized by increased intra-tumoral NK cell influx and augmented

compared to treatment of choice chemotherapy. In chapter 5 we therefore aimed to

on-treatment NK cell signatures. These results are very promising and need to be further

improve clinical outcome in the curative setting and tested the combination of a PD-L1

evaluated in the ongoing phase-II expansion cohort.

immune checkpoint inhibitor (avelumab) with cetuximab-RT for advanced HNSCC. In this
chapter, we report on the feasibility results from our phase-I BIR trial (NCT02938273). Ten

Next to immunotherapy response prediction, additional tools for disease monitoring

patients were included as planned, two patients dropped out due to reasons not related

during and after treatment would be of significant value. Circulating tumor DNA (ctDNA)

to the study treatment. In 2 of 8 remaining patients, avelumab was stopped after 4 and

has great potential to be such a biomarker. Tumors continually shed DNA into the

8 courses because of toxicity and tumor progression, respectively. There was no grade

circulation, where it can be detected and quantified. One of the main advantages of

4-5 toxicity. Grade 3 immune-related toxicity (n=4) was transient and manageable with

this ctDNA is that it can be easily assessed by obtaining serial ‘liquid biopsies’, e.g. blood

corticoids. Seven patients experienced grade 3 RT-related toxicity with no severe specific

and saliva samples, instead of tumor biopsies for which examination under anesthetics is

cetuximab-related toxicity, which is in accordance with standard of care. Tumor recurrence

required. With ctDNA monitoring after treatment, recurrences may be detected in an earlier

occurred in 50% after a median of 12 (8-26) months. We can conclude that cetuximab-RT

stage, hopefully before the clinical and/or radiological manifestation of a recurrence and

plus avelumab is feasible in patients who are unfit for cisplatin treatment. We have to await

thereby increasing the chances of a successful salvage therapy. More importantly, an early

randomized data for solid conclusions regarding the additional toxicity and efficacy of

response parameter during treatment could help to identify patients that have a good (or

combination treatment versus standard of care.

bad) treatment response and might benefit from treatment adaptation. In chapter 7, we
describe a prospective non-randomized observational study protocol to serially monitor

From chapter 2, 3 and 4 we have learned that surgery with or without adjuvant RT for

ctDNA in blood and saliva at baseline, during treatment and follow up. The predictive

advanced HNSCC results in a disappointing five-year OS of approximately 50% in first line

and prognostic value of ctDNA clearance kinetics will be evaluated and compared with

and 30% after salvage surgery for loco(regional) recurrences. Also, for these patients, clinical

conventional imaging after treatment. Our ultimate goal is to reveal ctDNA as an effective

outcome may be improved by ICB. We know that anti-PD-1 (nivolumab) monotherapy

tool for future radiotherapy dose (de)-escalation in HNSCC. This study is currently running

results in a significant, but modest 10% OS benefit at 2 years in metastatic HNSCC. The

in the NKI, 44 of 70 patients are yet included (December 26th 2019).

efficacy of anti-PD-1 may be increased by the addition of anti-CTLA-4 (ipilimumab),
resulting in further expansion of Th1-like CD4+ effector cells and enhancement of cytolytic
CD8+ cell activity. We therefore evaluated the safety and efficacy of neoadjuvant single
(nivolumab) or combination (nivolumab and ipilimumab) checkpoint inhibition prior to
curative surgery for HNSCC. In chapter 6, feasibility and pathological response data from

9

the phase IB/II IMCISION trial are presented (NCT03003637). The first six patients received
nivolumab monotherapy in week 1 and 3, followed by six patients who in addition received
174
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Als patiënten met vergevorderd hoofdhalskanker een recidief ontwikkelen na radiotherapie,
is chirurgie vaak de enige curatieve optie. Deze vorm van chirurgie als laatste redmiddel

Wereldwijd krijgen jaarlijks meer dan 650 duizend mensen hoofdhalskanker, en

wordt in het Engels ‘salvage’ chirurgie genoemd, en kan erg ingrijpend zijn met forse

alleen al in Europa leidt dit per jaar tot 63.500 sterftegevallen. Meer dan 90% van alle

bijwerkingen vanwege de omvang van de operatie. Desondanks hebben patiënten na

hoofdhalskanker typen ontstaat uit plaveiselcellen; de binnenbekleding van het

een dergelijke behandeling een slechte prognose. Gerapporteerde behandeluitkomsten

hoofdhalsgebied. Hoofdhalskanker wordt gediagnosticeerd en behandeld op basis

lopen echter behoorlijk uiteen omdat het aantal patiënten in deze studies klein zijn is, met

van locatie, namelijk de mondholte, nasofarynx, orofarynx, hypofarynx en larynx. De

grote verschillen in patiëntkarakteristieken en type behandeling. In hoofdstuk 3 hebben

meeste patiënten met locoregionaal vergevorderd hoofdhalskanker van de farynx en

we daarom een systematisch review en meta-analyse uitgevoerd van gepubliceerde

larynx worden met primaire radiotherapie behandeld, al dan niet in combinatie met

klinische uitkomsten na salvage chirurgie voor vergevorderd hoofdhalskanker recidieven

gelijktijdig cisplatin chemotherapie als versterker van de radiotherapie (chemoradiatie).

na primaire radiotherapie of chemoradiatie. Zestien van de 3956 gescreende studies

Voor het vergevorderd mondholtecarcinoom is chirurgie de primaire behandelkeuze,

waren geschikt voor inclusie (729 patiënten). Bij 32% van de patiënten was er sprake van

aangezien dit type tumoren als minder stralingsgevoelig wordt beschouwd en er van

tumorpositieve snijvlakken na resectie, in 17% van de patiënten werd er een re-operatie

hoge dosis radiotherapie in de mondholte aanzienlijke toxiciteit kan worden verwacht.

uitgevoerd, wondinfecties kwamen voor in 24% en de transpositie-donorflap faalde in 3%

Daarnaast kan het mondholtecarcinoom in veel gevallen orgaan-sparend (oftewel met

van de patiënten. Therapie gerelateerde sterfte was 1%. De gepoolde algemene overleving

behoud van functie) worden geopereerd, in tegenstelling tot tumoren in de farynx en

van 37% op 5 jaar was beter dan verwacht. We konden geen significant verschil aantonen

larynx. Echter, in sommige gevallen is chirurgie niet mogelijk of wenselijk. Deze patiënten

tussen de gerapporteerde overlevingscijfers voor de verschillende hoofdhalskanker

worden in veel klinieken als ongeneeslijk beschouwd, hoewel chemoradiatie in onze ogen

lokalisaties (mondholte, larynx, orofarynx en hypofarynx). Hier kunnen echter geen harde

een alternatief zou kunnen zijn. In hoofdstuk 2 hebben we daarom een retrospectieve

conclusies aan worden verbonden omdat de meeste patiënten een larynxcarcinoom

analyse uitgevoerd van patiënten die in het Antoni van Leeuwenhoek ziekenhuis tussen

hadden, en het in slechts een minderheid van de patiënten een tumor van de farynx of

2000 en 2013 zijn behandeld voor een vergevorderd mondholtecarcinoom, waarbij de

mondholte betrof.

uitkomsten na chemoradiatie (n=100) zijn vergeleken met de uitkomsten na ‘standard of
care’ chirurgie en adjuvante radiotherapie (n=109). De groepen waren vergelijkbaar in alle

Nadat we de literatuurstudie zoals hierboven beschreven hadden uitgevoerd, bleven er

patiënt karakteristieken behalve tumor diameter, die groter was in de chemoradiatie groep.

nog enkele klinisch relevante vragen onbeantwoord. Om een goede afgewogen beslissing

Binnen 100 dagen na behandeling waren 5 patiënten (5%) overleden aan toxiciteit na

te kunnen maken en om patiënten goed te kunnen voorlichten wilden we beter in kaart

chemoradiatie, en 1 patiënt aan toxiciteit na chirurgie (p=0.21). De locoregionale controle

brengen welke patiënten baat zouden hebben bij salvage chirurgie voor een tumorrecidief

(LRC, 49% vs. 77%) en algemene overleving (22% vs. 45%) waren na 5 jaar significant slechter

na primaire radiotherapie. In hoofdstuk 4 hebben we daarom de patiënten (n=189) die in

na chemoradiatie dan na chirurgie. Echter, nadat er was gecorrigeerd voor confounders en

het Antoni van Leeuwenhoek ziekenhuis tussen 2000 en 2016 zijn behandeld geanalyseerd.

prognostische factoren bleek chirurgie alleen te resulteren in betere locoregionale controle

Hierbij hebben we ons specifiek gericht op (1) het verschil in prognose na salvage chirurgie

(HR=2.88, 95%CI 1.35-6.16, p=0.006), en niet in betere overleving. Na 5 jaar was slechts

voor de verschillende tumor lokalisaties ten opzichte van elkaar, gecorrigeerd voor diverse

een vijfde van alle patiënten na chemoradiatie nog in leven, maar de kanker specifieke

confounders zoals tumor stadium, en (2) het verschil in prognose na salvage chirurgie voor

overleving was met 39% op 5 jaar nog behoorlijk goed. We concluderen dan ook dat

lokale versus regionale recidieven. In de gehele groep bleek 33% van de patiënten na 5

(chemo)radiotherapie een curatieve behandeloptie is die ter overweging aangeboden

jaar nog in leven, 2% van de patiënten was ten gevolge van de behandeling overleden.

zou moeten worden aan patiënten voor wie chirurgie niet mogelijk is.

We hebben kunnen aantonen dat salvage chirurgie voor larynxcarcinoom, ongeacht
ziektestadium en andere confounders en prognostische factoren, resulteert in betere
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locoregionale controle (HR=5.34, 95%CI 1.83-15.61, p=0.002) maar niet in betere ziektevrije

zonder ernstige cetuximab gerelateerde toxiciteit. Deze toxiciteit komt overeen met wat

overleving dan salvage chirurgie voor oro- en hypofarynxcarcinomen. Patiënten hebben

we dagelijks zien in de praktijk na behandeling met cetuximab-RT, zonder avelumab.

na salvage chirurgie voor een lokaal recidief een betere prognose dan in het geval van

Bij de helft van de patiënten bleek er teleurstellend genoeg en tegen de verwachting

een regionaal recidief, maar dit verschil bleef niet statistisch significant in de multivariate

in sprake van een tumorrecidief na mediaan 12 (8-26) maanden. Op basis van deze data

analyse. De mediane overleving na salvage chirurgie voor locoregionale recidieven is

concluderen we dat het haalbaar en veilig is om avelumab te combineren met cetuximab-

slechts 8 maanden en significant slechter dan in geval van geïsoleerde lokale of regionale

RT. Hiermee leggen we het fundament voor grotere effectiviteit studies, waarbij deze

recidieven. Gezien de uitgebreide chirurgie die bij locoregionale recidieven noodzakelijk

nieuwe behandeling moet worden vergeleken met standaard zorg voor harde uitspraken

is, adviseren wij deze behandeling enkel aan te bieden aan sterk gemotiveerde patiënten.

over mogelijke additionele effectiviteit en toxiciteit van immunotherapie in combinatie

Daarbij moet chirurgie wellicht worden afgeraden indien er sprake is van een hoog

met radiotherapie.

T-stadium en ASA-score, aangezien dit onafhankelijke voorspellers zijn voor een slechtere
ziektevrije overleving.

In hoofdstuk 2, 3 en 4 hebben we laten zien dat na primaire chirurgie voor vergevorderd
hoofdhalskanker na 5 jaar nog maar ongeveer 50% van de patiënten in leven is, en na

Voor vergevorderd hoofdhalskanker, anders dan het mondholtecarcinoom of een

salvage chirurgie voor loco(regionale) recidieven na radiotherapie nog maar 30%. Ook voor

vergevorderd larynxcarcinoom, is radiotherapie de eerste behandelkeuze. Dit wordt

deze patiëntengroepen zou immunotherapie daarom mogelijk van toegevoegde waarde

idealiter gelijktijdig gecombineerd met cisplatin chemotherapie als radiosensitizer. Dit

kunnen zijn. We weten dat anti-PD-1 (nivolumab) monotherapie bij gemetastaseerd

is echter een zware behandeling en voor de patiënten die op basis van comorbiditeit

hoofdhalskanker 10% overlevingsvoordeel oplevert na 2 jaar. Alhoewel dit verschil

niet in aanmerking komen voor cisplatin, is het monoclonale antilichaam cetuximab een

significant is, is de absolute winst beperkt. Door anti-PD-1 te combineren met anti-CTLA-4

alternatief. Minder dan 50% van de patiënten die worden behandeld met radiotherapie

(ipilimumab) zou een sterkere immuunrespons kunnen worden opgewekt door expansie

in combinatie met cetuximab is echter na 5 jaar nog in leven. Er is dus een grote behoefte

van het aantal CD4+ effector cellen en toegenomen cytotoxische CD8+ cel activiteit. In

aan complementaire behandelmodaliteiten. De afgelopen 10 jaar heeft immunotherapie

hoofdstuk 6 presenteren we de eerste resultaten van de IMCISION-studie (NCT03003637),

haar intrede gemaakt en de behandeling van kanker op zijn kop gezet. Bij gemetastaseerd

een fase-IB/II studie waarbij we de haalbaarheid, toxiciteit en effectiviteit hebben

hoofdhalskanker is aangetoond dat immunotherapie door middel van PD-(L)1 checkpoint

onderzocht van anti-PD1 monotherapie (nivolumab, n=6) en anti-PD1 in combinatie met

inhibitie in vergelijking met chemotherapie een absoluut overlevingsvoordeel oplevert van

anti-CTLA-4 (ipilimumab, n=6) immunotherapie in week 1 en 3 voorafgaand aan chirurgie.

19% na 1 jaar. Met het uiteindelijke doel om ook de overleving na een primaire, curatieve

Ondanks dat 7 van de 12 geïncludeerde patiënten matig tot ernstige comorbiditeit (ACE-

behandeling te vergroten, hebben we in hoofdstuk 5 de veiligheid en haalbaarheid getest

27) hadden, hebben alle patiënten in de wachttijd tot chirurgie 2 kuren immunotherapie

van een PD-L1 checkpoint remmer (avelumab) gelijktijdig met cetuximab-RT bij patiënten

kunnen krijgen zoals gepland zonder uitstel van operatie. Daarnaast zijn er geen

die ongeschikt waren voor chemoradiotherapie met cisplatin. In dit hoofdstuk beschrijven

immunotherapie-gerelateerde wondgenezingstoornissen opgetreden, ondanks dat

we onze fase-I studieresultaten van de BIR studie (NCT02938273). Tien patiënten zijn

alle patiënten ingrijpende chirurgie hebben ondergaan (al dan niet in combinatie met

geïncludeerd zoals vooraf gepland, 2 van hen zijn vroegtijdig uitgevallen ten gevolge

postoperatieve radiotherapie). Immunotherapie-gerelateerde graad 3 toxiciteit (n=3)

van oorzaken die niet aan de behandeling waren gerelateerd. In 2 van de 8 overgebleven

was tijdelijk en goed behandelbaar bij alle patiënten. De combinatie van nivolumab en

patiënten is avelumab gestopt na 4 en 8 kuren als gevolg van respectievelijk toxiciteit en

ipilimumab resulteerde in een pathologische respons bij 3 van de 6 patiënten, binnen

tumor progressie. Er was geen immunotherapie-gerelateerde graad 4-5 toxiciteit. Graad

een 5-week interval. Tumoren die niet reageerden op immunotherapie hadden vooraf

3 immunotherapie-gerelateerde toxiciteit (n=4) was tijdelijk en goed te behandeling met

aan de behandeling een verhoogde B7-H3 expressie. Bij tumoren die goed reageerden

corticosteroïden. Zeven patiënten kregen graad 3 radiotherapie-gerelateerde toxiciteit,

zagen we na immunotherapie een verhoogd aantal NK-cellen in de tumor, alsook een
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verhoogd NK-cel genexpressie profiel. Of deze interessante bevindingen ook daadwerkelijk
als biomarker voor therapierespons kunnen dienen moet verder worden onderzocht in
het IMCISION fase-II expansie cohort.
Het kunnen voorspellen van het therapie effect voorafgaand aan de beoogde behandeling
is van groot klinisch belang. Ondanks dat radiotherapie een effectieve curatieve
behandeling is, zal bij een substantieel deel van de patiënten vroeg of laat de tumor helaas
terugkomen. Er is daarom een grote behoefte aan methoden waarmee het slagen van de
behandeling kan worden voorspeld en een recidief vroegtijdig kan worden opgespoord.
Onder invloed van diverse processen lekken er continu DNA-afbraakproducten uit de
tumor, die kunnen worden gedetecteerd in lichaamsvloeistoffen. Dit ‘circulerende tumor
DNA’ (ctDNA) is veelbelovend als biomarker voor behandelrespons. Een van de grootste
voordelen van ctDNA is dat het relatief gemakkelijk kan worden gemeten door het afnemen
van ‘liquid biopsies’, zoals bloed en speeksel. Dit in tegenstelling tot conventionele tumor
biopten die in het geval van hoofdhalskanker vaak onder algehele verdoving moeten
worden afgenomen. Door ctDNA te meten na radiotherapie zou een recidief vroegtijdig
opgespoord kunnen worden, in de hoop op tijd een vervolgbehandeling aan te kunnen
bieden. Door ctDNA te meten al tijdens radiotherapie zouden patiënten kunnen worden
geselecteerd die mogelijk baat hebben bij het aanpassen van de bestralingsdosis, door
deze te verhogen bij radiotherapie-ongevoelige tumoren of juist te verlagen indien er
sprake is van een vroege respons. Hoofdstuk 7 omvat het protocol van de prospectief,
observationele PECAN-studie waarmee we ctDNA detectie verder willen ontwikkelen
als tool voor toekomstige dosis (de-)escalatie studies. Het CtDNA wordt wekelijks
gemeten in bloed en speeksel tijdens behandeling en op reguliere controlemomenten
na de behandeling. De resultaten hiervan worden vergeleken met (extra) conventionele
beeldvorming na de behandeling. Deze studie loopt momenteel in het Antoni van
Leeuwenhoek ziekenhuis, waarvoor inmiddels 44 Van de 70 patiënten zijn geïncludeerd
(26 december 2019).
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