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  ABSTRACT 

 Background. Residual neck disease after radiotherapy in advanced oropharyngeal squamous cell carcinoma (OPSCC) 
is associated with increased mortality, and some patients may benefi t from post-radiotherapy neck dissection (PRND). 
The aim of the present study was to assess the value of magnetic resonance imaging (MRI) and other clinical charac-
teristics in selecting patients for PRND. 
 Materials and methods. Retrospective cohort study. Consecutive patients with N �  OPSCC were included. Medical 
records, pathology reports and imaging reports were reviewed. Pre- and post-therapeutic imaging was re-evaluated. 
 Results. A total of 100 consecutive patients from a three-year period were included. Neck response was evaluated with 
MRI two months after treatment. Sixty patients were suspicious for residual neck disease, and were offered surgery; 
seven of these patients had histologic evidence of carcinoma. Cumulative neck failure after three years was 14% 
(8.4 – 24%), and did not differ signifi cantly among patients with positive compared to negative MRI (radiologist ’ s initial 
description; p    �    0.47, log-rank test). Applying neck failure as gold standard, sensitivity and specifi city of MRI was 69% 
and 41%, respectively; positive and negative predictive value was 15% and 90%. Patients with p16    �    disease had sig-
nifi cantly larger lymph nodes after treatment, and imaging based on lymph node size resulted in many false positives. 
Analysis of receiver operating characteristic curves in 191 individual lymph nodes showed that a short axis    �    10 mm 
should be classifi ed as suspicious. Furthermore, T-stage and p16-status were associated with increased risk of neck 
recurrence. Salvage was successful in four patients with early detected nodal recurrence. 
 Conclusion. These results suggest that lymph node size, T-stage and p16 status could be used in selecting patients for 
PRND in OPSCC. Yet, early anatomical imaging may be inappropriate for evaluating neck response in patients with 
p16    �    disease as enlarged lymph nodes often do not indicate residual neck disease.   

    Management of the neck after curatively intended 
radiotherapy of advanced head and neck squamous 
cell carcinoma (HNSCC) has long been a matter of 
debate. Residual neck disease is associated with 
worse overall and disease-free survival, and so patients 
with evidence of residual neck disease may benefi t 
from post-radiotherapy neck dissection (PRND) [1]. 
Response rates are high after chemoradiation even in 
advanced HNSCC. Accordingly, most authors argue 
that only patients with suspected residual or recurrent 

disease should be offered PRND, while patients 
with a complete neck response should be carefully 
observed [2,3]. 

 The rising incidence of HPV-associated oropha-
ryngeal squamous cell carcinoma (OPSCC) has 
changed the epidemiology dramatically [4,5]. Patients 
with HPV-associated OPSCC typically have more 
advanced nodal disease, yet respond better to radio-
therapy [6,7]. As a consequence, we are treating an 
increasing number of patients with a reduced need 
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for PRND. Accurately selecting patients who may 
benefi t from this additional treatment is thus of 
increasing importance. 

 At our institution treatment response is evaluated 
with magnetic resonance imaging (MRI) two months 
after radiotherapy. The aim of this study was to assess 
the value of MRI for response evaluation of meta-
static neck lymph nodes after curative radiotherapy 
in patients with node-positive OPSCC. A secondary 
aim was to explore clinical and radiological features 
predictive of residual neck disease with special 
emphasis on the importance of HPV status.   

 Material and methods  

 Clinical data 

 In this retrospective cohort study we reviewed med-
ical records, pathology reports and imaging reports 
of consecutive patients registered with a diagnosis of 
OPSCC in the years 2010 – 2012. We excluded 
patients who did not have curatively intended radio-
therapy, who did not have MRI for response evalua-
tion, who had a neck dissection before radiotherapy 
or patients with less than one year of follow-up. 
Demographic data, disease characteristics, imaging 
results and outcome data were registered. Patients 
were staged according to TNM classifi cation based 
on clinical and radiological data. Tumour tissue was 
routinely examined for p16 using standard immuno-
histochemistry, and considered positive if more than 
70% of tumour cells showed strong and uniform 
cytoplasmic and nuclear staining [8].   

 Imaging 

 Original imaging reports were reviewed and classi-
fi ed as either  negative  if no evidence of residual neck 
disease was noted by the radiologist or as  positive  if 
suspicion was noted. 

 For purpose of the present study, pre- and post-
therapy scans were re-examined by two radiologists 
blinded to patient outcome (authors VFJ and HWE). 
A maximum of three lymph nodes per scan were 
measured in three dimensions and volume estimated 
as  long axis  *  short axis  *  third axis  *   p /6.    

 Statistical analysis 

 The primary endpoint was histologically confi rmed 
neck recurrence. Diagnostic accuracy of MRI for detec-
tion of residual neck disease was estimated by compar-
ing the original description dichotomised as either 
 positive  or  negative  with histologically confi rmed neck 
recurrence in the course of follow-up as  gold standard . 

 Time-to-event data were analysed from date of 
response evaluation, and failure recorded in the event 

of neck recurrence. Local recurrence, distant failure, 
diagnosis of new head and neck cancer or death was 
considered censoring events. Cumulative neck failure 
was estimated using Kaplan-Meier method, and 
compared using log-rank test. 

 Categorical variables were compared using Fisher ’ s 
exact test or  χ  2 -test in case of more than two categories. 
Continuous variables were compared with Wilcoxon 
rank-sum test. 

 Correlation of various lymph node measurements 
with neck failure on a single-node basis was analysed 
using receiver operating characteristics (ROC) curves. 
Optimal cut-off for each variable was chosen with a 
minimum sensitivity of 80%. 

 Results were considered statistically signifi cant at 
p-values less than 5%, and 95% confi dence interval 
(CI) was calculated for point estimates where possible. 
Statistical analyses were performed using Stata 13.1 
(StataCorp, TX, USA).    

 Results  

 Patient characteristics and treatment 

 We identifi ed a total of 207 consecutive patients 
diagnosed with OPSCC at Aarhus University Hospi-
tal in the three years of whom 177 had node-positive 
disease at diagnosis. Another 77 patients were 
excluded as indicated in Supplementary Figure 1 
(available online at http://www.informahealthcare.
com/doi/abs/10.3109/0284186X.2015.1063781). In 
total, 100 patients were included in the study. Patient, 
tumour and treatment characteristics are summarised 
in Table I.   

 Response evaluation and MRI 

 All patients had an MRI for response evaluation at a 
median of 7.9 weeks after last fraction of radiother-
apy (range 6.1 – 11 weeks). Patients had MRI at fi ve 
different institutions and imaging was interpreted by 
a larger number of radiologists. Based on the original 
description no evidence of residual neck disease was 
noted on MRI in 40 patients, and were thus classifi ed 
as negative for this study. In the remaining 60 patients 
residual neck disease was suspected and was classi-
fi ed as positive. 

 Following MRI, patients were seen at a multidis-
ciplinary team conference and evaluated clinically 
with 60 patients subsequently undergoing neck sur-
gery. In most patients (n    �    38) surgery consisted of 
excision of suspicious lymph nodes with immediate 
frozen section histology, and patients would then 
undergo neck dissection of adjacent lymph node lev-
els if histology were positive for carcinoma. A minority 
of the surgically treated patients had a selective neck 
dissection without prior histologic evidence of resid-
ual neck disease (n    �    22). 
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one was an isolated recurrence, the other had simul-
taneous distant failure. 

 Of the 40 patients who were followed without 
PRND, four patients developed a neck recurrence 
during follow-up resulting in a cumulative neck fail-
ure after three years of 10% (3.9 – 25%). Two patients 
had isolated nodal recurrence; the other two patients 
had simultaneous local or distant recurrence. 

 Overall, a total of 13 patients developed a neck 
recurrence during the course of follow-up. Estimated 
cumulative neck failure at three years was 14% 
(95% CI 8.4 – 24%). Ten patients had isolated nodal 
recurrence, one patient had a simultaneous T-site recur-
rence and two patients had nodal recurrence combined 
with distant failure (see Supplementary Figure 2, 
available online at http://www.informahealthcare.com/
doi/abs/10.3109/0284186X.2015.1063781).   

 Diagnostic accuracy of MRI 

 Comparing radiologists original description of MRI 
with a gold standard of histologically confi rmed neck 
recurrence we found that MRI correctly identifi ed 
nine of 13 neck recurrences, yielding a sensitivity of 
69% (95% CI 39 – 91%). However, there was a high 
rate of false positive scans and so specifi city and 
positive predictive value was low. Overall, accuracy 
was 45% (35 – 55%, Table II). 

 Estimated cumulative neck failure after three-
years was 17% (8.9 – 30%) among patients with pos-
itive MRI compared to 10% (3.9 – 25%) among 
patients with negative MRI (p    �    0.47, log-rank test, 
Figure 1A).   

 Lymph node measures 

 To evaluate which lymph node measures were the 
most predictive of residual neck disease we explored 
measures of short axis, long axis and volume in both 
pre- and post-therapeutic scans, and compared this 
to a gold standard of neck recurrence on a single-
node basis. 

 The remaining 40 patients were followed clinically 
as per DAHANCA guidelines with imaging only on 
clinical indication. Median recurrence-free follow-up 
was 2.9 years (range 1.0 – 4.4 years). One patient 
developed a new primary head and neck cancer (fl oor 
of mouth) and was censored after 20 months.   

 Outcome 

 Of the 60 patients undergoing surgery immediately 
after response evaluation seven patients had histo-
logically confi rmed residual neck disease (12%, 95% 
CI 4.8 – 23%). Two patients had a neck recurrence 
during follow-up despite initially negative histology; 

  Table I. Patient, tumour and treatment characteristics (n    �    100).  

Age, years
  Median (range)   59 years (40 � 84)

Gender
  Male
  Female

  82
  18

Tobacco smoking
   �    5 pack-years
   �    5 pack years

  63
  37

History of alcohol abuse
  Yes
  No

  28
  72

Tumour subsite
  Tonsil
  Base of tongue
  Soft palate
  Pharyngeal wall

  63
  28
  7
  2

T classifi cation
  1
  2
  3
  4a
  4b

  19
  49
  24
  6
  2

N classifi cation
  1
  2a
  2b
  2c
  3

  15
  11
  27
  41
  6

AJCC stage
  III
  IVa
  IVb

  15
  82
  3

p16 status
  Positive
  Negative

  75
  25

Radiotherapy
  68 Gy/34 fxs
  66 Gy/33 fxs
  60 Gy/30 fxs a 

  57
  42
  1

Concomitant systemic treatment
  Cisplatin b 
  No chemotherapy

  70
  30

Radiosensitiser
  Nimorazole c   100

     a Reduced dose due to previous radiotherapy;      b 40 mg/m 2  i.v. 
weekly;      c 1.200 mg/m 2  p.o. before each fraction, or 1.000 mg before 
second daily fraction on days with more than one fraction.   

  Table II. Diagnostic accuracy of radiologist ’ s initial description of 
MRI for response evaluation two months after radiotherapy in 
OPSCC.  

True positive, n 9
False positive, n 51
True negative, n 36
False negative, n 4
Sensitivity 69% (39 � 91%)
Specifi city 41% (31 � 52%)
Positive predictive value 15% (7.1 � 27%)
Negative predictive value 90% (76 � 97%)
Accuracy 45% (35 � 55%)

    MRI classifi ed as either positive or negative. Gold standard for 
comparison is histologically confi rmed neck recurrence. Numbers 
in parentheses are 95% confi dence intervals.   
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 A total of 191 lymph nodes were measured after 
treatment, compared to 189 before treatment (pre-
therapeutic scans were unavailable in a few patients). 
There were a total of 11 nodal recurrences in cor-
responding neck levels as the remaining two neck 
failures in the cohort occurred in neck levels with no 
corresponding lymph nodes at the time of MRI. 

 Measurements of lymph node size (short axis, 
long axis or volume) in both pre- and post-thera-
peutic scans all held signifi cant diagnostic informa-
tion with area under ROC curves signifi cantly 
larger than 0.5. The single most informative mea-
surement was short axis in the post-therapeutic 
scan with a cut-off at    �    10 mm being the most
optimal (Table III). 

 The degree of lymph node resolution as indicated 
by the ratio of post- to pre-therapeutic measurements 
or volume was not informative. The shape of the 
lymph node as indicated by the ratio of short axis to 
long axis measurement (known as Solbiati index) 
also did not provide useful diagnostic information.   

 Other factors associated with neck recurrence 

 We found that p16-negative disease, T-stage and 
having a lymph node with a short axis measure-

ment    �    10 mm was associated with neck recurrence 
(Table IV, Figure 1). Higher N-stage was not associ-
ated with increased risk. Unfortunately, the small 
number of events did not allow for multivariate 
analysis. Diagnostic accuracy of MRI, if a criterion 
of short axis    �    10 mm is applied, is indicated in 

  Table III. Lymph node measurements and association with 
recurrence in 191 single lymph nodes.  

 Variable  ROC curve area  Cut-off a  

 MRI 2 months after treatment 
Short axis 0.83 (0.68  �  0.97) c  �    10 mm
Long axis 0.80 (0.67  �  0.92) c  �    16 mm
Volume 0.83 (0.70  �  0.96) c  �    1.1 cm 3 
Solbiati index b 0.52 (0.33  �  0.71)  �    1.5
 MRI at diagnosis 
Short axis 0.77 (0.62  �  0.92) c  �    17 mm
Long axis 0.76 (0.61  �  0.91) c  �    28 mm
Volume 0.77 (0.62  �  0.92) c  �    8.8 cm 3 
 Ratio of post- to pretherapeutic measurement 
Short axis ratio 0.51 (0.37  �  0.66)  �    0.41
Long axis ratio 0.59 (0.42  �  0.75)  �    0.54
Volume ratio 0.56 (0.42  �  0.71)  �    0.10

     a Optimal cut-off chosen with a minimum sensitivity of 80%;    
  b Solbiati index: Ratio of long axis to short axis length. Numbers 
in parentheses are 95% confi dence intervals;      c indicates that area 
under ROC curve is signifi cantly different from 0.5.   

(A) (B)

(C) (D)

Neck failure by MRI result Neck failure by lymph node size (short axis ≥ 10 mm)

Neck failure by p16 statusNeck failure by T stage
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  Figure 1.     Kaplan-Meier estimates of neck failure. Time is years from date of response evaluation.  
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Supplementary Table I, available online at http://
www.informahealthcare.com/doi/abs/10.3109/
0284186X.2015.1063781.   

 Infl uence of p16 status 

 Patients with p16-positive disease had much larger 
lymph nodes at diagnosis with a median volume of 
3.5 cm 3  versus 1.0 cm 3  for p16-negative (p    �    0.0001, 
Figure 2). 

 At response evaluation two months after radio-
therapy patients with p16-positive disease still had 
signifi cantly larger lymph node volume, 0.60 cm 3  
versus 0.28 cm 3  (p    �    0.0012). 

 When applying a short axis measure of    �    10 mm 
as criterion for a positive test there are signifi cantly 
more false positives among p16-positive patients 
(p    �    0.001). As a consequence, this test is much less 
specifi c among p16-positive patients with a specifi city 
of 53% (95% CI 40 – 65%) among patients with p16-
positive disease versus 90% (95% CI 67 – 99%) for 
p16-negative (Supplementary Table I, available 
online at http://www.informahealthcare.com/doi/abs/ 
10.3109/0284186X.2015.1063781).   

 Salvage results 

 Of the 13 patients with nodal recurrence, 10 patients 
had isolated nodal recurrence; four have been sal-
vaged successfully, and remain alive and disease-free 
at last follow-up. All four successfully salvaged 
patients had an early nodal recurrence, detected at 
the planned response evaluation and diagnosed 
66 – 79 days after end of radiotherapy. Thus, four of 
seven recurrences detected earlier than 100 days 
after end of treatment were successfully salvaged 
while none of the fi ve patients with later recurrences 
could be salvaged successfully (p    �    0.081).    

 Discussion 

 In this retrospective cohort study, we show that early 
anatomical MRI was unreliable for detecting residual 
nodal disease. Applying a strict criterion of short axis 
measure of    �    10 mm for classifying MRI as positive 
for residual neck disease added signifi cantly to diag-
nostic accuracy. High T-stage and negative p16 status 
were also signifi cantly associated with increased risk 

  Table IV. Various factors predicting neck recurrence.  

n Recurrences
Neck failure at 

3 years a p-Value b 

T-classifi cation
  T3 � 4
  T1 � 2

  32
  68

  9
  4

  29% (16  �  49)
  7.3% (2.6  �  19)

   0.0014 

Lymph node size c 
   �    10 mm
   �    10 mm

  43
  57

  9
  4

  22% (12  �  37)
  9.4% (3  �  25)

   0.034 

p16 status
  p16 � 
  p16 � 

  25
  75

  6
  7

  24% (12  �  46)
  11% (5  �  23)

   0.044 

MRI result
  positive
  negative

  60
  40

  9
  4

  17% (8.9  �  30)
  10% (3.9  �  25)

  0.47

N-classifi cation
  N2b � N3
  N1  �  N2a

  74
  26

  10
  3

  15% (8 �   27)
  12% (4  �  32)

  0.83

    Numbers in parentheses are 95% confi dence intervals.      a Kaplan-
Meier estimate;      b Log-rank test;      c Short axis measure. Bold signifi es 
p  <  0.05.   

  Figure 2.     Pre- and post-treatment lymph node volume by p16 status. Scale is logarithmic. p-value is for Wilcoxon rank-sum test. Patients 
with recurrence are indicated with a black dot ( · ).  
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of neck recurrence during follow-up in a univariate 
analysis. 

 We also found that patients with p16-positive dis-
ease had much larger lymph nodes after radiotherapy, 
and that applying a geometrical criterion, such as 
short axis measurement, leads to very low specifi city 
in these patients. 

 Salvage was only successful in patients with early-
detected nodal recurrences, whereas salvage was invari-
ably unsuccessful in patients with nodal recurrence 
detected later than 100 days after end of treatment. 

 A major limitation of this study is the small size 
and the low number of events in this group of patients 
with a favourable prognosis. Also, not all patients 
received surgery after chemoradiation; and so treat-
ment, as well as histological evidence of treatment 
response, differs among patients. The majority of sur-
gically treated patients only had a lymph node exci-
sion performed which increases the risk that a truly 
residual cancer was missed. Moreover, prior studies 
have indicated that residual carcinoma in neck dis-
section specimens following radiotherapy may not 
always be biologically viable, and so neck failure rate 
may be overestimated among surgically treated 
patients [9]. Furthermore, it is possible that not all 
patients in this cohort had truly node-positive dis-
ease, as this classifi cation was based on clinical and 
radiological fi ndings. Recently, increased use of PET 
imaging has been shown to lead to signifi cant stage 
migration [10]. Strengths of the study include the 
consecutive and well characterised patient cohort 
with very homogenous diagnosis and treatment. 

 In advanced HNSCC, residual nodal disease is 
associated with adverse outcome [1]. Most authors 
agree that PRND improves prognosis in patients 
with residual neck disease, but management is con-
troversial due to lack of evidence from randomised 
or even prospective trials [11]. As a consequence, 
management is mainly supported by historical data 
from an era when HPV-associated disease was less 
prevalent, and chemoradiation strategies signifi cantly 
different. 

 In OPSCC, epidemiology and prognosis has 
transformed substantially in recent years due to the 
rapidly rising incidence of HPV-associated disease 
[4 – 6]. These patients are more likely to have 
advanced-stage, node-positive disease [7]. 

 Neck control rates after radiotherapy in OPSCC 
has historically been in the range of 70 – 75% after 
fi ve years depending on various prognostic factors 
[12,13]. As a consequence of altered biology and 
modern chemoradiotherapy with improved fraction-
ation schemes and delivery techniques, loco-regional 
control rates are now very high in patients with 
OPSCC estimated at 88% after fi ve years in the 
DAHANCA-18 trial [14]. 

 With loco-regional control rates of this order, 
most authors do not fi nd routine PRND warranted 
instead recommending surgery to patients with clin-
ical or radiological suspicion of residual neck disease 
[2,3,11,15]. This is based on the fact, that neck 
dissection bears risk of complications, such as wound 
complications, nerve injury or other complications 
related to surgical procedures; all of which may be 
more prevalent after radiotherapy [16,17]. However, 
it has been said that  recurrence is the worst complication , 
and this remains true in this context, as several 
authors have found that late neck recurrences rarely 
are possible to salvage which is in line with our fi nd-
ings [18]. 

 Altogether, an increasing number of patients with 
advanced neck disease are being treated, but a 
decreasing proportion of these patients will have 
residual neck disease after initial treatment. Thus, it 
is of growing importance to accurately identify 
patients who may benefi t from PRND. Many ques-
tions are unresolved including imaging modalities 
and timing. 

 Our results indicate that MRI may be used in this 
setting if a strict criterion of a short axis measurement 
of    �    10 mm is used to indicate suspicious lymph 
nodes. This is in line with the 2009 update of Response 
valuation Criteria in Solid Tumours (RECIST) in 
which measurement of lymph node short axis now is 
standard when evaluating treatment response in 
clinical trials. A reduction in short-axis to  � 10 mm 
is now considered a complete response in this 
regard [19]. 

 However, our results show that patients with p16-
positive disease have larger lymph nodes following 
radiotherapy, and as these patients respond much 
better to therapy, enlarged lymph nodes may not nec-
essarily harbour viable cancer cells. A similar study 
found that lymph nodes in patients with p16-positive 
disease take longer time to regress completely [20]. 
Consequently, early imaging relying on measures of 
lymph node size leads to less specifi city and a higher 
rate of unnecessary surgery in patients with p16-
positive disease. 

 Disease stage or biological characteristics may 
also be used to estimate the risk of treatment failure. 
We found that T stage and p16 status were associated 
with increased risk of neck failure which is in line 
with previous fi ndings [7]. The question is then, 
which patients should be offered PRND  –  do we rely 
on imaging, clinical evaluation, biomarkers, disease 
stage or other characteristics? 

 In our cohort, we observed a three-year neck fail-
ure rate of 11% among patients with p16-positive 
disease. This would seem too low to warrant PRND 
in these patients as the excess morbidity would likely 
outweigh the modest benefi t. In these patients, it 
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would seem logical to reserve PRND to patients with

clinical or radiological signs of residual nodal

disease.

Among patients with p16-negative disease, the

three-year risk of neck recurrence was doubled at

24%. This could justify offering PRND to all

patients with p16-negative disease regardless of

clinical or radiological assessment of treatment

response. However, in our series the diagnostic

value of imaging was much higher among patients

with p16-negative disease which could justify a

strategy of offering PRND only to patients

with radiological evidence of residual nodal

disease. These findings underline that future studies

on management of the neck in OPSCC should

distinguish between HPV-positive and -negative

disease.

Other imaging modalities may also be considered

in this setting. Ultrasound with fine-needle aspira-

tion cytology has been evaluated in a minor cohort of

patients, and was found to have rather low accuracy,

possibly because of chemoradiotherapy effects on

cytopathological interpretation [21]. Also, this mod-

ality gives no information on T-site. Numerous

smaller studies have shown promise for positron

emission tomography (PET)/computed tomography

(CT) imaging in this setting with very high negative

predictive value, further information on the precise

role of this modality is expected with the UK PET-

NECK trial [22–24].

Optimal timing of imaging for response evalua-

tion remains controversial. Diagnostic accuracy will

invariably increase with time in this setting as is often

demonstrated [23,25]. However, findings from the

present and other studies clearly indicate that early

salvage is more successful. Quite possibly, timing of

imaging should depend on p16 status with delayed

imaging being more suitable in patients with p16-

positive disease to allow enlarged but benign lymph

nodes to regress.

In summary, this study suggests that MRI

has limited value in selecting patients for PRND

in OPSCC if not applying strict response

evaluation criteria. Other prognostic factors,

such as T-stage and p16 status, may be equally

important.

The fact that patients with p16-positive disease

tend to have larger lymph nodes after radiotherapy,

while still having the most favourable prognosis,

negatively affects the value of a diagnostic test based

on early measurement of lymph node size in these

patients.
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