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Abstract 

Background: The prescribed radiation dose to patients with oropharyngeal squamous cell carcinoma (OPSCC) is 
standardized, even if the prognosis for individual patients may differ. Easy‑at‑hand pre‑treatment risk stratification 
methods are valuable to individualize therapy. In the current study we assessed the prognostic impact of primary 
tumor volume for p16‑positive and p16‑negative tumors and in relationship to other prognostic factors for outcome 
in patients with OPSCC treated with primary radiation therapy (RT).

Methods: Five hundred twenty‑three OPSCC patients with p16‑status treated with primary RT (68.0 Gy to 73.1 Gy 
in 7 weeks, or 68.0 Gy in 4.5 weeks), with or without concurrent chemotherapy, within three prospective trials were 
included in the study. Local failure (LF), progression free survival (PFS) and overall survival (OS) in relationship to the 
size of the primary gross tumor volume (GTV‑T) and other prognostic factors were investigated. Efficiency of intensi‑
fied RT (RT with total dose 73.1 Gy or given within 4.5 weeks) was analyzed in relationship to tumor volume.

Results: The volume of GTV‑T and p16‑status were found to be the strongest prognostic markers for LF, PFS and 
OS. For p16‑positive tumors, an increase in tumor volume had a significantly higher negative prognostic impact 
compared with p16‑negative tumors. Within a T‑classification, patients with a smaller tumor, compared with a larger 
tumor, had a better prognosis. The importance of tumor volume remained after adjusting for nodal status, age, 
performance status, smoking status, sex, and hemoglobin‑level. The adjusted hazard ratio for OS per  cm3 increase in 
tumor volume was 2.3% (95% CI 0–4.9) for p16‑positive and 1.3% (95% 0.3–2.2) for p16‑negative. Exploratory analyses 
suggested that intensified RT could mitigate the negative impact of a large tumor volume.

Conclusions: Outcome for patients with OPSCC treated with RT is largely determined by tumor volume, even when 
adjusting for other established prognostic factors. Tumor volume is significantly more influential for patients with 
p16‑positive tumors. Patients with large tumor volumes might benefit by intensified RT to improve survival.
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licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Squamous cell carcinoma arising in the oropharynx 
(OPSCC) exemplifies the importance of personalized 
medicine. Among the more than 100 000 cases annually 
[1], p16-status (as surrogate for human papillomavirus 
[HPV]-association) is a watershed for prognosis and is 
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incorporated in the latest edition of the TNM Classifi-
cation [2, 3]. Patients with p16-positive tumors experi-
ence a far better outcome and numerous trials address 
treatment de-escalation to reduce long-term side effects 
[4]. On the other hand, the higher failure rates among 
p16-negative tumors justify trials with intensified treat-
ment to improve survival [5].

Radiation therapy (RT) is often the preferred treatment 
option for OPSCC, either alone, with chemotherapy 
(CRT) or in combination with surgery [6]. In theory, a 
large tumor harbors more clonogenic cells than a small 
one and in order to obtain cure, all clonogenic cells have 
to be eliminated. Consequently, tumor volume should be 
a fundamental prognostic marker and the current T-clas-
sification is an attempt to reflect that. Several studies have 
identified computed tomography (CT)-defined tumor 
volume to be a prognostic marker in OPSCC treated with 
RT [7–9]. However, these analyses lack p16-stratifica-
tion. Recent studies including p16-status to address the 
importance of tumor volume have provided diverging 
results [10–13]. Moreover, smoking status, performance 
status, and hemoglobin (Hb)-levels are established prog-
nostic factors for outcome after RT [13–17]. Their impact 
in relationship to tumor volume and p16-status has not 
been studied previously in detail.

We studied a pooled cohort of 654 patients with 
OPSCC from three clinical trials.

The aim of the work was to quantify the effect of tumor 
volume on treatment outcome in relation to p16-sta-
tus and other clinical prognostic factors. In addition, 
a potential role of intensified RT for high risk-group 
patients, defined by tumor volume, was investigated.

Methods
This cohort study provides a pooled analysis of patients 
with OPSCC treated with primary RT from two rand-
omized clinical trials (ARTSCAN and ARTSCAN III) 
[18, 19] and one prospective observational study (PET-
study) [20]. The main objective of the present study 
was to determine the impact of primary tumor volume 
in relationship to p16-status for local failure (LF), pro-
gression free survival (PFS) and overall survival (OS). 
Secondary objectives were to determine the impact of 
clinical characteristics in relationship to tumor volume 
and p16-status. The analyses also include exploratory 
investigations for high-risk group patients as identified 
by tumor volume-stratification.

The details of the original trials have been previously 
reported [18–20]. In short, ARTSCAN was a Swed-
ish randomized, controlled phase III study investigating 
altered fractionated RT, recruiting 1998–2006. The PET-
study was a prospective observational single-center study 
investigating positron emission tomography (PET) for 

evaluation of neck node response, recruiting 2009–2012. 
ARTSCAN III was a Swedish randomized, controlled 
phase III study investigating concomitant cetuximab 
compared with cisplatin, recruiting 2013–2018. Ethical 
boards approved all studies. The current study includes 
all patients with oropharyngeal cancer who completed 
RT within the three studies, were eligible for evaluation 
of primary outcome, and had the sizes of the delineated 
structures available. Individual patient data as assessed 
in the original studies were pooled and analyzed for the 
outcomes of interest. The size of the primary gross tumor 
volume (GTV-T), as delineated by the treating radiation 
oncologist, was used as the primary tumor volume. These 
volumes were extracted from the treatment planning sys-
tem as previously reported for ARTSCAN [21], with Ele-
kta Oncentra MasterPlan, version 4.0 for the PET-study 
and with Varian Medical Systems, Eclipse, version 15.1 
for ARTSCAN III. Patient specific characteristics [age, 
sex, smoking status, performance status, and Hb-level 
(before start of RT)] were recorded in the original trials.

Treatment
All patients received RT as primary treatment. RT was 
prescribed to 68.0  Gy in 34 fractions, except for the 
experimental arm in ARTSCAN (1.1 Gy + 2.0 Gy per day, 
total dose 68.0 Gy) and for the subgroup of T3-4 patients 
in ARTSCAN III who underwent a second randomiza-
tion (68.0 Gy or 73.1 Gy in 34 fractions to GTV-T). In the 
current study, the experimental arm in ARTSCAN and 
the dose-escalation in ARTSCAN III are termed “inten-
sified RT”. No concomitant drug was used in ARTS-
CAN, or for the majority of patient in the PET-study 
(Table  1). ARTSCAN III randomly assigned patients to 
either concomitant weekly cisplatin 40 mg/m2 or cetuxi-
mab 400 mg/m2 one week before start of RT followed by 
250 mg/m2/wk.

Event definitions
Treatment failure was defined as the first recurrence, 
either local, regional or distant (or combinations thereof ). 
Patients with local failure and synchronous regional and/
or distant failure were included in the analysis of the local 
failure. Progression free survival was defined as the time 
to first recurrence or death by any cause. Time to event 
was calculated from the first day of RT in all analyses.

Statistical methods
Univariable Cox proportional hazards regression mod-
els were used to analyze the association between patient/
tumor characteristics and outcome. In the multivariable 
model all covariates were included and analyzed accord-
ing to the complete-case method. Proportional hazard 
assumptions were tested with Schoenfeld residuals tests. 



Page 3 of 13Adrian et al. Radiation Oncology          (2022) 17:107  

Ta
bl

e 
1 

Ba
se

lin
e 

ch
ar

ac
te

ris
tic

s 
an

d 
tr

ea
tm

en
t s

pe
ci

fic
at

io
ns

 s
tr

at
ifi

ed
 b

y 
or

ig
in

al
 tr

ia
l

A
RT

SC
A

N
31

8 
pa

t
PE

T-
st

ud
y

92
 p

at
A

RT
SC

A
N

 II
I

24
4 

pa
t

Po
ol

ed
 c

oh
or

t

A
va

ila
bl

e
A

va
ila

bl
e

A
va

ila
bl

e

Ye
ar

 o
f t

re
at

m
en

t
31

8 
(1

00
%

)
92

 (1
00

%
)

24
4 

(1
00

%
)

Ra
ng

e
19

98
–2

00
6

20
09

–2
01

2
20

13
–2

01
8

19
98

–2
01

8

Fo
llo

w
‑u

p 
tim

e 
in

 y
ea

rs
31

8 
(1

00
%

)
92

 (1
00

%
)

24
4 

(1
00

%
)

Su
rv

iv
al

: m
ed

ia
n 

(in
te

rq
ua

rt
ile

 ra
ng

e)
8.

7
(7

.1
–1

0.
5)

5.
4

(5
.3

–5
.9

)
3.

1
(2

.4
–4

.4
)

5.
6

(3
.8

–8
.4

)

Tu
m

or
 re

sp
on

se
: m

ed
ia

n 
(in

te
rq

ua
rt

ile
 ra

ng
e)

5.
3

(5
.2

–5
.5

)
5.

1
(5

.0
–5

.4
)

2.
8

(2
.1

–4
.1

)
5.

1
(3

.2
–5

.4
)

A
ge

 (y
)

31
8 

(1
00

%
)

92
 (1

00
%

)
24

4 
(1

00
%

)

M
ed

ia
n 

(in
te

rq
ua

rt
ile

 ra
ng

e)
58

52
–6

4
61

53
–6

4
60

.5
54

–6
6

59
(5

3–
65

)

Se
x

31
8 

(1
00

%
)

92
 (1

00
%

)
24

4 
(1

00
%

)

M
al

e 
no

 (%
)

23
4

73
.6

%
69

75
.0

%
19

7
80

.7
%

50
0

76
.5

0%

T
31

8 
(1

00
%

)
92

 (1
00

%
)

24
4 

(1
00

%
)

1
56

17
.6

%
18

19
.6

%
40

16
.4

%
11

4
17

.4
%

2
13

0
40

.9
%

48
52

.2
%

93
38

.1
%

27
1

41
.4

%

3
74

23
.3

%
15

16
.3

%
44

18
.0

%
13

3
20

.3
%

4
58

18
.2

%
11

12
.0

%
67

27
.5

%
13

6
20

.8
%

N
31

8 
(1

00
%

)
92

 (1
00

%
)

24
4 

(1
00

%
)

0
68

21
.4

%
0

0.
0%

20
8.

2%
88

13
.5

%

1
65

20
.4

%
13

14
.1

%
16

6.
6%

94
14

.4
%

2A
63

19
.8

%
18

19
.6

%
17

7.
0%

98
15

.0
%

2B
68

21
.4

%
48

52
.2

%
13

8
56

.6
%

25
4

38
.8

%

2C
29

9.
1%

12
13

.3
%

44
18

.0
%

85
13

.0
%

3
25

7.
9%

1
1.

1%
9

3.
7%

35
5.

3%

G
TV

‑T
  (c

m
3 )

31
8 

(1
00

%
)

92
 (1

00
%

)
24

4 
(1

00
%

)

M
ed

ia
n 

(in
te

rq
ua

rt
ile

 ra
ng

e)
16

.4
7.

5–
30

.4
16

.4
7.

8–
28

.0
13

.2
6.

3–
24

.7
15

.4
7.

0–
28

.5

G
TV

‑N
  (c

m
3 )

31
8 

(1
00

%
)

91
 (9

9%
)

24
4 

(1
00

%
)

M
ed

ia
n 

(in
te

rq
ua

rt
ile

 ra
ng

e)
10

.4
1.

6–
22

.5
15

.7
8.

1–
26

.5
12

.4
4.

9–
21

.6
11

.6
4.

0–
22

.9

H
b

26
9 

(8
5%

)
80

 (8
7%

)
24

4 
(1

00
%

)

M
ed

ia
n 

(in
te

rq
ua

rt
ile

 ra
ng

e)
14

0
13

1–
14

8
14

1
13

4–
15

1
14

5
13

7–
15

1
14

2
13

3–
15

0

Pe
rf

om
an

ce
 s

ta
tu

s
31

8 
(1

00
%

)
92

 (1
00

%
)

24
4 

(1
00

%
)

W
H

O
 0

 o
r k

ar
no

fs
ky

 9
0–

10
0

26
3

82
.7

%
89

96
.7

%
22

6
92

.6
%

57
8

88
.4

%

W
H

O
 ≥

 1
 o

r k
ar

no
fs

ky
 ≤

 8
0

55
17

.3
%

3
3.

3%
18

7.
4%

76
11

.6
%

Sm
ok

er

N
on

‑s
m

ok
er

16
5

51
.9

%
30

32
.6

%
73

29
.9

%
26

8
41

.0
%

Pr
ev

io
us

 s
m

ok
er

24
26

.1
%

13
5

55
.3

%
15

9
24

.3
%

D
ai

ly
 s

m
ok

er
*

82
25

.8
%

38
41

.3
%

35
14

.3
%

15
5

23
.7

%



Page 4 of 13Adrian et al. Radiation Oncology          (2022) 17:107 

Ta
bl

e 
1 

(c
on

tin
ue

d)

A
RT

SC
A

N
31

8 
pa

t
PE

T-
st

ud
y

92
 p

at
A

RT
SC

A
N

 II
I

24
4 

pa
t

Po
ol

ed
 c

oh
or

t

U
nk

no
w

n
71

22
.3

%
1

0.
4%

72
11

.0
%

p1
6

19
0 

(6
0%

)
91

 (9
9%

)
24

2 
(9

9%
)

p1
6‑

po
si

tiv
e

14
1

74
.2

%
75

82
.4

%
21

7
89

.7
%

43
3

82
.8

%

p1
6‑

ne
ga

tiv
e

49
25

.8
%

16
17

.6
%

25
10

.3
%

90
17

.2
%

Ra
di

ot
he

ra
py

31
8 

(1
00

%
)

92
 (1

00
%

)
24

4 
(1

00
%

)

68
 G

y 
/ 

34
 fx

 (2
 G

y/
da

y)
15

8
49

.7
%

92
10

0%
18

9
77

.5
%

43
9

67
.1

%

68
 G

y 
/ 

43
 fx

 (1
.1

 +
 2

 G
y/

da
y)

16
0

50
.3

%
16

0
24

.5
%

73
.1

 G
y 

/ 
68

 G
y 

(2
.1

5 
G

y 
/ 

da
y)

55
22

.5
%

55
8.

4%

Tr
ea

tm
en

t t
ec

hn
iq

ue
31

8 
(1

00
%

)
92

 (1
00

%
)

24
4 

(1
00

%
)

In
te

ns
ity

 m
od

ul
at

ed
 ra

di
ot

he
ra

py
 (I

M
RT

)
12

3.
8%

92
10

0%
24

4
10

0.
0%

3D
‑c

on
fo

rm
al

 ra
di

ot
he

ra
py

 (3
D

C
RT

)
30

6
96

.2
%

Co
nc

om
itt

an
t d

ru
gs

31
8 

(1
00

%
)

92
 (1

00
%

)
24

4 
(1

00
%

)

N
o 

dr
ug

s
31

8
10

0%
87

94
.6

%
40

5
61

.9
%

C
is

pl
at

in
3

3.
2%

12
0

49
.2

%
12

3
18

.8
%

Ce
tu

xi
m

ab
12

4
50

.8
%

12
4

19
.0

%

C
is

pl
at

in
 +

 5
FU

, i
nd

uc
tio

n
2

2.
2%

2
0.

3%

*(
PE

T 
co

ho
rt

: s
m

ok
ed

 in
 th

e 
6 

m
on

th
s 

pr
ec

ee
di

ng
 R

T)



Page 5 of 13Adrian et al. Radiation Oncology          (2022) 17:107  

Local failures were illustrated using cumulative incidence, 
with regional failure, distant failure or death as competing 
events, and groups compared with Gray’s test. The Fine-
Gray model was used in addition to the Cox proportional 
hazard regressions models to account for regional failures, 
distant failures or death as competing events when ana-
lyzing association between tumor volume and local fail-
ures. Event rates for PFS and OS were illustrated with the 
Kaplan–Meier method and groups compared with the log-
rank test. Median follow-up time was determined with the 
inverse Kaplan–Meier method. The Kruskal–Wallis test 
was used for comparison of non-parametric data across the 
three cohorts, and Wilcoxon rank-sum test for non-normal 
distributed comparison between two groups. Receiver-
operator-characteristics (ROC)-analysis was used to dichot-
omize hemoglobin-levels. To allow an interpretation of the 
interaction coefficient in the tumor volume analyses in rela-
tionship to p16-status, tumor volume was transformed to 
GTV-Tshift = GTV-T − GTV-Tmedian. Thereby, the difference 
in additional relative risk for p16-positive versus p16-nega-
tive tumors corresponds to the exponential of the coefficient 
for the interaction term. All analyses were performed in R 
version 3.6.3 (R Core Team (2021) R: A language and envi-
ronment for statistical computing. R Foundation for Statisti-
cal Computing, Vienna, Austria. URL https:// www.R- proje 
ct. org/) and the extension packages survival, cmprsk and 
pROC. Statistical tests were two-sided and p-values ≤ 0.05 
were considered significant.

Results
Five hundred twenty-three patients with OPSCC and 
known p16-status (82.8% p16-positive, 17.2% p16-nega-
tive) were included in the analyses. Additionally, data was 
available for 131 patients without p16-status. Baseline 
patient and tumor characteristics are shown in Table  1. 
For patients with available p16-status median follow-
up times for tumor response and overall survival were 
4.9  years [interquartile range (IQR) 2.8–5.3  years] and 
5.3 years (IQR 3.2–7.3 years), respectively. Patients with-
out p16-status were predominantly found in the ARTS-
CAN-study, and no differences in outcome were found 
between patients with or without missing data (Addi-
tional File 1: Fig.  S1). The three cohorts recruited over 
two decades, and the proportion of p16-positive tumors 
increased significantly (P < 0.001) over time.

Treatment outcome
During the follow-up, there were 133 deaths among the 523 
patients. A total of 119 patients experienced failure. First 
appearances of failure were 62  T-failures (30  T-failures, 
23  T+N-failures, 5  T+M-failures, 4  T+N+M-failures), 
24  N-failures, 28  M-failures, and 5  N+M failures. Forty-
two of the 133 deaths occurred without any documented 

failure. At 5 years, the cumulative incidence of local failure 
was 13% [95% confidence interval (CI) 10–16], PFS 68% 
[95% (CI) 64–73] and OS 74% (95% CI 70–78). Survival 
comparisons across the three cohorts revealed no signifi-
cant differences (Additional file 1: Fig. S2).

Analyses of prognostic factors
Tumor volume was the strongest prognostic factor for 
LF, PFS and OS in the univariable cox-regression analy-
ses as reflected in the likelihood-ratio test (Table  2 and 
latter part of Table 3). The importance of tumor volume 
for LF, PFS, and OS was statistically significant within 
each T-classification for all endpoints. To illustrate the 
impact of tumor volume on treatment outcome, patients 
were stratified into six groups by tumor volume-dou-
blings. Clear separations between the six volume-groups 
were evident, with similar results for LF, PFS and OS 
(Fig. 1A–C).

Patients with p16-positive tumors had a more favora-
ble outcome, with cumulative incidence of LF, PFS, and 
OS at 5 years of 9% (95% CI 6–12), 76% (95% CI 72–81), 
and 83% (95% CI 79–87) compared with 29% (95% CI 
20–39), 34% (95% CI 25–46), and 36% (95% CI 27–48) for 
p16-negative patients. The negative prognostic impact 
of tumor volume was higher for patients with p16-posi-
tive tumors, and the risk per  cm3 increase in tumor vol-
ume for LF, PFS-event, or death (OS) were 3.8% (95% 
CI 2.7–4.9), 2.8% (95% CI 2.0–3.8), and 2.4% (1.5–3.3), 
respectively. Corresponding figures for patients with 
p16-negative tumors patients were 1.9% (95% CI 1.0–
2.8), 1.4% (0.6–2.2), and 1.8% (95% CI 1.0–2.7) (Table 2). 
Significant interactions between tumor volume (GTV-
Tshift) and p16-status was found for LF (P = 0.016) and 
PFS (P = 0.025). Hence, the negative prognostic impact 
of an increase in tumor volume was significantly higher 
in p16-positive tumors. For LF, an increase in tumor vol-
ume from 15  cm3 (GTV-Tmedian) to 16  cm3 increased the 
relative risk 1.7 percentage points (95% CI 0.3–3.0) more 
in p16-positive compared with p16-negative tumors 
(Table 3). Corresponding figure for PFS was 1.2 percent-
age points (95% CI 0.2–2.3). In a Fine-Gray model to 
account for competing events, similar results for LF were 
obtained [p16-positive 3.7% (95% CI 2.7–4.7, P =  < 0.001) 
for each  cm3 increase in tumor volume, and for p16-neg-
ative 1.8% (95% CI 0.7–2.9, P = 0.0015)]. p16-positive 
tumors were significantly smaller (median 13  cm3, IQR 
7–26) compared with p16-negative tumors (median 20 
 cm3, IQR 10–35), P < 0.001.

Besides tumor volume and p16-status, we found that 
age, smoking status, performance status, and Hb were 
also significant factors for LF, PFS and OS in univari-
able analyses (Table  3 and Additional File 1: Fig. S3). 
Advanced N-stage (N2c-N3) was significant for PFS 

https://www.R-project.org/
https://www.R-project.org/
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and OS. In the multivariable analyses, tumor volume 
and p16-status remained strongly significant factors for 
LF, PFS and OS, and the interaction term (p16-status 
* GTV-Tshift) was significant for LF and PFS (Table 3). 
In addition, hemoglobin and age were significant for 
OS in multivariable regressions. Although highly sig-
nificant in univariable analysis, no significant impact of 
smoking status or performance status remained in the 
multivariable model. Advanced N-stage remained neg-
ative prognostic factors for PFS and OS in multivariable 
analyses. The adjusted risk per  cm3 increase in tumor 
volume for LF, PFS and OS were 3.6% (95% CI 0.9–6.4), 
2.7% (95% CI 0.6–4.8), and 2.3% (95% CI 0–4.7) for 
patients with p16-postive tumors. Corresponding fig-
ures for patients with p16-negative tumors were 2.0% 
(95% CI 0.9–3.1), 1.1% (95% CI 0.3–2.0), and 1.3% (95% 
0.3–2.2).

Tumor volume compared with T-classification
Side-by-side comparisons between T-classification and 
tumor volume are shown in Additional File 1: Fig. S4. For 
LF, the hazard ratio (HR) for T4 versus T1 was 21 [95% 
CI 5–88] compared with HR 65 [95% CI 12–344] for 
the largest compared with the smallest volume bin (as 
defined above). Tumor volumes within T-classifications 
reveal a large overlap between T-classifications (Addi-
tional File 1: Fig. S5). A tumor volume ≤ 19  cm3 identified 
the same number of patients as the T1-T2 classifications 
(385 patients). Despite including all T-classifications, this 
tumor volume-defined low-risk group resulted in similar 
outcomes compared with T1-T2-classifications for LF, 
PFS and OS (Additional File 1: Fig. S6).

Analyses of tumor volume thresholds
The effect of different tumor volume thresholds for LF, 
PFS, and OS is illustrated in Fig.  2. With increasing 
tumor volume, a continuous increase in the number of 
events (within 3 years from treatment) for all endpoints 
was seen. Receiver-operator-characteristic (ROC)-
analyses between tumor volume and local failures are 
shown in Additional File 1: Fig. S7.
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Fig. 1 Impact of tumor volume and outcome after radiation therapy for 523 patients with oropharyngeal squamous cell carcinoma and available 
p16‑status. Patients were stratified by tumor volume‑doublings (< 6  cm3 [lightest blue line], 6–12  cm3, 12–24  cm3, 24–48  cm3, 48–96  cm3, and > 96 
 cm3 [darkest blue line]). Illustrations of cumulative incidence of local failure A, progression free survival B and overall survival C 

Fig. 2 Illustration of different volume thresholds and its impact on 
outcome. Black lines show the proportion of patients above the given 
threshold (tumor volume on the x‑axis) who experience an event 
within 3 years from treatment for the three endpoints studied (local 
failure (dotted line), progression free survival (PFS, solid line), and 
overall survival (dashed line)). Patients without event and shorter 
follow‑up than 3 years were included in the denominator. Histogram 
denotes the number of patients in each volume bin, color‑coded 
according to Fig. 1
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High-risk group and intensified RT
Exploratory analyses revealed statistically significant 
interactions between tumor volume and intensified 
RT found for all studied endpoints (LF P = 0.009; PFS, 
P = 0.012; OS, P = 0.038). The impact of tumor volume-
threshold for the comparison was investigated and 
revealed an increasing efficacy of intensified RT with 

increasing tumor volume (Fig.  3A). The effect seemed 
to plateau at a primary tumor volume of 40  cm3, which 
was used for further exploratory analyses. In this group 
of 79 patients intensified RT significantly improved LF, 
PFS, and OS (Fig. 3B–D). T-classifications revealed no 
significant effects of intensified RT (Additional File 1: 
Fig. S8).

Fig. 3 Efficacy of intensified RT to mitigate the negative prognosis associated with large tumor volumes. Illustration of the impact of tumor volume 
(x‑axis) and efficacy of intensified RT (either 1.1 Gy + 2.0 Gy per day, total dose 68.0 Gy or 2.15 Gy per day, total dose 73.1 Gy) compared with 
conventional RT (CONV, 2.0 Gy per day, total dose 68.0 Gy) (Fig. 3A). The hazard ratio (HR, black solid line) for patients with a tumor volume larger 
than the indicated volume on the x‑axis, was investigated using univariable cox‑regression with overall survival as endpoint. The number of patients 
included in each analysis is shown in the upper part (light blue, dashed line). Based on A, a cut‑off of GTV‑T > 40  cm3 was chosen for exploratory 
post‑hoc analyses. For high‑risk patients (GTV‑T > 40  cm3) the efficacy of intensified RT is illustrated with regards to the cumulative incidence of local 
failures (B), progression free survival (C) and overall survival (D). Stratification of patients based on T‑classifications revealed no significant effects of 
intensified RT (Additional File 1: Fig. S8). CI: Confidence Interval
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Discussion
In this study, we have found that primary tumor volume 
and p16-status are highly influential factors for outcome 
after primary RT for patients with OPSCC. We show that 
tumor volume is an independent prognostic marker for 
LF, PFS and OS. The negative impact of increasing tumor 
volume is significantly more important for patients 
with p16-positive compared with p16-negative tumors. 
Within a given T-classification, patients with a small, 
compared with a large tumor, have a better prognosis. 
The results also indicate that intensified RT may mitigate 
the negative prognostic impact of a large tumor volume.

To our knowledge, this study constitutes the larg-
est OPSSC-cohort treated with primary RT, includes 
p16-status, and benefits from a long follow-up within 
prospective trials. The relationship between tumor vol-
ume and outcome is congruent to other OPSCC-studies 
without p16-stratification [7–9] and for head and neck 
cancer squamous cell carcinoma (HNSCC) in general 
[22–27]. A pre-clinical HNSCC-model [28] and mathe-
matical modeling of tumor control probability (TCP) also 
support the impact of tumor volume on outcome [29–
31]. However, some earlier OPSCC-studies have only 
found weak or no relationship between primary tumor 
volume and outcome [32–35]. Results from studies 
including p16-status are few and diverging [10–13]. The 
conflicting results might in part be due to the typically 
fewer number of included patients. Davis et al. studied 51 
patients with p16-positive OPSCC, and could not relate 
disease-free survival to primary tumor volume [11]. In a 
cohort of 91 patients, Carpén et al. found a relationship 
between primary tumor volume and OS for p16-negative 
but not p16-positive cases [10]. Our current findings do, 
however, strongly suggest that CT-determined tumor 
volume per se is a fundamental prognostic factor for 
outcome after RT, and its importance is even more pro-
nounced for patients with p16-positive tumors.

In addition to CT-determined tumor volume, metabolic 
active tumor volume determined by 18F-fluorodeoxy-
glucose (FDG)-PET has been shown to be prognostic for 
loco-regional control in p16-positive OPSCC. [36, 37] A 
large hypoxic tumor volume, determined with PET-tracers 
such as fluoromisonidazole (FMISO) or fluoroazomycin-
ara-binofuranoside (FAZA), also correlates to worse prog-
nosis [38, 39], although the relationship between hypoxia 
and tumor volume is unclear [40, 41]. Hypoxic gene sig-
natures has been shown to be prognostic for patients 
with small HNSCC tumors, and a significant interaction 
between tumor volume and hypoxic gene signatures was 
found [12]. When comparing different gene signature pro-
files in HPV-negative HNSCC, tumor volume was found 
to be the most important factor for OS [41].

The negative impact of a large tumor volume could 
partly be mitigated by intensified RT in our exploratory 
analyses. This finding is in line with the EORTC 22791-
trial where local control at five years for patients with 
T3-tumors was more than doubled in the experimen-
tal intensified arm compared with standard treatment, 
whereas patients with T2-tumors had no benefit [42]. 
Moreover, the EORTC 22851-trial and the CHART-trial 
showed that experimental, intensified treatment was 
more advantageous for patients with higher T-classifica-
tion [43, 44]. The interaction between tumor volume and 
fractionation schedules is further supported by similar 
findings for lung cancer [45, 46]. Zhao et  al. found that 
patients with large (> 52   cm3) lung tumors benefitted 
from an increased radiation dose, whereas patients with 
smaller (≤ 52   cm3) tumors did not [45]. Soliman et  al. 
used a Cox-Regression model when analyzing patients 
in the lung cancer CHARTWEL-trial and could demon-
strate that tumor volume significantly increased the risk 
of LF in the standard arm but not in the experimental 
arm, suggesting an increased efficacy for the intensified 
treatment for patients with larger tumors [46]. The addi-
tion of chemotherapy also improves outcome, as shown 
by the MACH-NC-meta analysis [47]. In the current 
analysis, patients from the ARTSCAN III-cohort received 
concurrent cetuximab or cisplatin, and the proportion 
of drugs was similar in the 68.0 and 73.1 Gy group. The 
most effective combination of chemotherapy and intensi-
fied RT is outside the scope of the present analysis.

The current study confirms the importance of Hb. 
Contrary to recent findings for HNSCC, where adjust-
ing for CT-determined tumor volume diminished 
the importance of Hb[13], our findings indicate that 
Hb > 130  g/L is beneficial for OS also in multivariate 
analyses. In contrast to earlier multivariable regres-
sion models smoking status and performance sta-
tus were only prognostic in univariable analyses [15, 
16]. It should, however, be noted that pack-years was 
not available, instead smoking status was analyzed 
for never-smokers vs. previous or current smokers. 
Age was not prognostic for local failure in the current 
multivariable model. These results indicate that older 
patients are not of higher risk for treatment failures, 
although endpoints involving death for unequivocal 
reasons are related to age. The improved outcome for 
patients with p16-postive tumors (adjusted HR for OS 
0.24 [95% CI 0.15–0.40]) is comparable to previous 
reports [2, 16]. Patients with p16-positive tumors typi-
cally present with a smaller primary tumor [10, 48, 49], 
and in the current study the p16-positive tumors were 
significantly smaller compared with p16-negative. The 
increased risk of failure for patients with large tumor 
volumes could thereby partly be attributed to higher 
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proportions of p16-negative tumors. However, in the 
multivariable model with an interaction analysis of 
p16-status and tumor volume, the impact of tumor vol-
ume remained and was significantly more important 
for p16-postive tumors.

This study has some limitations. Firstly, being a 
post-hoc analysis, the solidity of the findings is weak-
ened, although the data originates from prospective 
trials with multi-center participants and long follow-
up, which strengthens the results. The three cohorts 
differed in the prescribed treatment leading to het-
erogeneity in the studied population. Patients in the 
ARTSCAN-trial and the PET-study (except for five 
patients) were treated with radical RT, and a propor-
tion of these patients would have received concurrent 
chemotherapy according to current clinical guidelines 
[6]. The volume assessments are entirely CT-based, and 
the increased soft-tissue discrimination by magnetic 
resonance imaging [50] or the importance of metabolic 
active or hypoxic volume as determined by PET can-
not be assessed. Moreover, the volume delineations are 
based on the planning CT-scans, and not diagnostic 
pre-biopsy scans. The volume cut-offs used in the study 
must thus be handled cautiously. The benefit of intensi-
fied RT for patients with large tumors is an exploratory 
post-hoc finding, which limits its validity. However, the 
data originate from two trials where the allocation of 
patients to the fractionation schedules was randomized. 
The relevance for other HNSCC-subsites must be stud-
ied separately, as the current findings solely relate to 
OPSCC.

Conclusion
In this large cohort of patients with oropharyngeal can-
cer treated with RT, we have shown that primary tumor 
volume and p16-status are highly influential factors for 
local failure, progression free survival and overall sur-
vival. The importance of tumor volume is even more 
pronounced in patients with p16-positive tumors, com-
pared with p16-negative. Tumor volume can be used to 
identify high-risk groups, where intensified treatment 
might increase survival. Future studies investigating 
personalized therapy based on risk-group stratification 
are indicated.
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