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Abstract
Purpose To investigate the utility of  [18F]FDG-PET as an imaging biomarker for pathological response early upon neoadju-
vant immune checkpoint blockade (ICB) in patients with head and neck squamous cell carcinoma (HNSCC) before surgery.
Methods In the IMCISION trial (NCT03003637), 32 patients with stage II‒IVb HNSCC were treated with neoadjuvant 
nivolumab with (n = 26) or without (n = 6) ipilimumab (weeks 1 and 3) before surgery (week 5).  [18F]FDG-PET/CT scans 
were acquired at baseline and shortly before surgery in 21 patients. Images were analysed for  SUVmax,  SUVmean, metabolic 
tumour volume (MTV), and total lesion glycolysis (TLG). Major and partial pathological responses (MPR and PPR, respec-
tively) to immunotherapy were identified based on the residual viable tumour in the resected primary tumour specimen 
(≤ 10% and 11–50%, respectively). Pathological response in lymph node metastases was assessed separately. Response for 
the 2  [18F]FDG-PET-analysable patients who did not undergo surgery was determined clinically and per MR-RECIST v.1.1. 
A patient with a primary tumour MPR, PPR, or primary tumour MR-RECIST-based response upon immunotherapy was 
called a responder.
Results Median ΔSUVmax, ΔSUVmean, ΔMTV, and ΔTLG decreased in the 8 responders and were significantly lower 
compared to the 13 non-responders (P = 0.05, P = 0.002, P < 0.001, and P < 0.001). A ΔMTV or ΔTLG of at least − 12.5% 
detected a primary tumour response with 95% accuracy, compared to 86% for the EORTC criteria. None of the patients with 
a ΔTLG of − 12.5% or more at the primary tumour site developed a relapse (median FU 23.0 months since surgery). Lymph 
node metastases with a PPR or MPR (5 metastases in 3 patients) showed a significant decrease in  SUVmax (median − 3.1, 
P = 0.04). However, a  SUVmax increase (median + 2.1) was observed in 27 lymph nodes (in 11 patients), while only 13 lymph 
nodes (48%) contained metastases in the corresponding neck dissection specimen.
Conclusions Primary tumour response assessment using  [18F]FDG-PET-based ΔMTV and ΔTLG accurately identifies 
pathological responses early upon neoadjuvant ICB in HNSCC, outperforming the EORTC criteria, although pseudopro-
gression is seen in neck lymph nodes.  [18F]FDG-PET could, upon validation, select HNSCC patients for response-driven 
treatment adaptation in future trials.
Trial registration https:// www. clini caltr ials. gov/, NCT03003637, December 28, 2016.
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Introduction

Immune checkpoint blockade (ICB) of programmed cell 
death protein 1 (PD-1) leads to objective responses in 
13–17% of patients with recurrent or metastatic head and 
neck squamous cell carcinoma (HNSCC) and significantly 
improves their overall survival compared to chemotherapy 
[1, 2]. Recent trials have shown that dual ICB of PD-1 
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and cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) can be safely administered prior to definitive surgery 
and leads to pathologically confirmed responses in patients 
with various solid tumours [3–7]. In HNSCC, neoadju-
vant combined anti-PD-1 and anti-CTLA-4 ICB lead to a 
major pathological response (MPR) in 20–35% of patients 
[6, 7]. Importantly, our group has recently demonstrated 
that none of the HNSCC patients with an MPR after neo-
adjuvant dual ICB has developed a tumour relapse, sig-
nificantly superior to patients without an MPR [7]. While 
these results warrant validation, they could challenge the 
necessity of mutilating and functionally impairing sur-
gery [8] and adjuvant (chemo)radiotherapy, and provide 
a rationale to investigate the feasibility of withholding 
or de-escalating standard-of-care in patients with a deep 
pathological response early upon neoadjuvant ICB.

Such a response-driven treatment adaptation requires 
a reliable biomarker to identify individual patients with 
a pathological response in the neoadjuvant time frame. 
With its widespread availability and established position in 
the clinic, imaging-based response evaluation is an attrac-
tive option. However, evaluation of CT and MR images 
according to the response evaluation criteria in solid 
tumours (RECIST [9]) has shown to underestimate the 
frequency and depth of pathological response after neo-
adjuvant ICB in various tumour types, including HNSCC 
[3, 4, 7, 10].  [18F]fluorodeoxyglucose(FDG)-PET-based 
metabolic response evaluation [11], on the other hand, has 
been shown to accurately identify pathological responses 
after two cycles of neoadjuvant ICB in patients with non-
small cell lung cancer 3 to 5 weeks after start of treatment 
[12]. In addition, our group has recently demonstrated that 
HNSCC patients with an early primary tumour pathologi-
cal response to neoadjuvant ICB are accompanied by a 
decrease in primary tumour total lesion glycolysis (TLG) 
assessed per  [18F]FDG-PET in a 4-week timeframe [7]. 
Still, the exact value of  [18F]FDG-PET as an imaging bio-
marker for early pathological response to neoadjuvant ICB 
in HNSCC remains unclear, as does its susceptibility to 
false-positivity (i.e. pseudoprogression) by ICB-induced 
immune activity in the primary tumour or involved or 
reactive lymph nodes [13]. Here, we report in detail on the 
 [18F]FDG-PET scans acquired in the context of the IMCI-
SION trial, wherein patients with locoregionally advanced 
HNSCC were treated with two cycles of nivolumab (anti-
PD-1) monotherapy or nivolumab plus ipilimumab (anti-
CTLA-4) before definitive surgery [7]. We aim to describe 
the manifestations of metabolic response, metabolic pro-
gression, and metabolic pseudoprogression after neoadju-
vant ICB and explore  [18F]FDG-PET scanning’s ability to 
predict pathological response early upon immunotherapy 
in patients with resectable HNSCC.

Materials and methods

Patients and trial interventions

IMCISION (NCT03003637) was an investigator-initiated, 
non-randomized, open-label phase Ib/IIa trial carried out 
at the Netherlands Cancer Institute (NKI), of which the 
methods and main results have been reported previously 
[7]. Briefly, adult patients with human papillomavirus 
(HPV)–related or HPV-unrelated, T2‒T4, N0‒N3b, 
resectable HNSCC of the oral cavity or oropharynx were 
eligible for inclusion. Patients with hypopharyngeal or 
laryngeal SCC were eligible too, but only 1 laryngeal 
HNSCC patient was accrued and had no scans available; 
this patient is not included in the current investigation. 
Patients with recurrent HNSCC were eligible if they were 
scheduled for curative surgery. All patients had a World 
Health Organization performance score of 0 or 1 and 
adequate bone marrow, liver, and kidney function. Criti-
cal exclusion criteria were distant metastases, a medical 
history of autoimmune disease, the use of immunosup-
pressive medication, or prior treatment with ICB targeting 
PD-1, PD-L1, or CTLA-4.

Patients underwent staging investigations at baseline 
(week 0), including tumour biopsy, laboratory investiga-
tions, MR imaging of the head and neck, ultrasound of 
the neck with fine-needle aspiration cytology, and total 
body  [18F]FDG-PET. Staging was performed according 
to the 8th edition of the American Joint Committee on 
Cancer (AJCC) staging manual. Enrolled patients received 
2 cycles of neoadjuvant ICB. Figure 1 details trial treat-
ments and timelines. The first 6 patients were treated 
with nivolumab (240 mg flat dose) in weeks 1 and 3; the 
subsequent 26 patients received nivolumab (240 mg flat 
dose) and ipilimumab (1 mg/kg) in week 1, followed by 
nivolumab (240 mg flat dose) in week 3. On-treatment MR 
imaging and, if additional consent was given,  [18F]FDG-
PET were obtained at the end of week 4. Standard-of-care 
surgery was performed in week 5, or ultimately in week 6. 
Adjuvant (chemo)radiotherapy was performed if indicated 
according to institutional and national guidelines.

Defining response to immunotherapy: pathological 
and MR‑RECIST evaluation

The pathological response of the primary tumour was 
determined by a head and neck pathologist (LS) on H&E-
stained sections of the resected specimen. The proportion 
of viable tumour cells within the histologically identifiable 
tumour bed was quantified as a percentage and compared 
to the percentage of viable tumour cells within the baseline 
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biopsy to compensate for a low baseline viable tumour cell 
count. The degree of pathological tumour regression was 
determined by calculating the percentage change in the 
primary tumour viable tumour cell percentage from base-
line biopsy to the on-treatment resected specimen. Patients 
with ≤ 10% residual viable tumour cells and 90‒100% 
tumour regression at the primary tumour site at time of 
surgery had a major pathological response (MPR). Patients 
with ≤ 50% residual viable tumour cells and 50‒89% 
regression had a partial pathological response (PPR), and 
patients with any percentage of residual viable tumour 
cells but < 50% regression had no pathological response 
(NPR) [14]. Two patients did not undergo curative sur-
gery and were thus unevaluable for pathological efficacy. 
For the present analyses, these patients were classified 
according to their MR-RECIST v.1.1 response on the on-
treatment scan compared to the baseline scan.

To facilitate pathological correlation of  [18F]FDG-PET-
identifiable lymph nodes after ICB, the head and neck 
surgeon marked the different cervical nodal levels during 

surgery using beads of different colours, according to our 
institutional neck dissection protocol. Lymph nodes were 
evaluated by LS. If a metastasis was present, ICB response 
was determined using the same cut-offs for pathological 
response at the primary tumour site (MPR, PPR, or NPR).

Overall, a patient with a primary tumour MPR, PPR, or, 
in the absence of pathological response evaluation, MR-
RECIST-based response upon immunotherapy was called a 
responder. Having a (pathological) response in one or more 
lymph nodes in the absence of at least a partial response at 
the primary tumour site was not sufficient to be classified 
as a responder.

[18F]FDG‑PET image acquisition

PET-scans were obtained at baseline and, if the patient con-
sented, in the week prior to surgery using a Gemini TF, TF 
Big bore, or Vereos PET/CT scanner (Philips, Cleveland). 
One patient underwent baseline scanning in the referring 
hospital on a Biograph M20 (Siemens, Munich). Patients 

Fig. 1  Flow chart of trial treat-
ments, timelines, and patients 
included in IMCISION and their 
 [18F]FDG-PET-based metabolic 
treatment response. Patients 
were treated with neoadjuvant 
nivolumab or nivolumab and 
ipilimumab (week 1), followed 
by nivolumab (week 3). Surgery 
was performed in week 5 or, 
ultimately, week 6. An evalu-
able baseline and on-treatment 
scan were obtained in 21 
patients, of whom 6 had a major 
pathological response (MPR), 1 
a partial pathological response 
(PPR), and 12 no pathological 
response (NPR) at their primary 
tumour site. Two patients did 
not undergo complete resec-
tion of their primary tumour 
and were classified according 
to MR-RECIST v.1.1, which 
was in agreement with physical 
examination in both cases: 1 
RECIST-PR (responder) and 1 
RECIST-PD (non-responder)

Enrolled in IMCISION (n=32)

Primary tumour responders (n=8)

- MPR (n=6)

- PPR (n=1)

- MR-RECIST PR (n=1)

MR-RECIST evaluation

(n=2)

Nivolumab 240mg

Ipilimumab 1mg/kg

(n=24)

Nivolumab

240mg

Nivolumab 240mg

(n=6)

No on-treatment scan (n=9)

No baseline scan (n=2)

Definitive

surgery (n=19)

Pathological response

evaluation (n=19)

Primary tumour non-responders (n=13)

- NPR (n=12)

- MR-RECIST PD (n=1)

EORTC primary tumour metabolic response:

- CMR (n=2)

- PMR (n=3)

- SMD (n=2)

- PMD (n=1)

EORTC primary tumour metabolic response:

- SMD (n=9)

- PMD (n=4)

Week 0

Week 1

Week 3
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were instructed to fast for at least 6 h before the scan. If the 
blood glucose level did not exceed 12 mmol/L, the patient 
received 190‒280 MBq  [18F]FDG (according to BMI) intra-
venously. Sixty minutes later, 3D PET images were obtained 
with 3 min per bed position for the head-neck area and 2 min 
per bed position for the neck-thighs. For anatomical correla-
tion, low dose CT was acquired with parameters including 
120 kV, 40 mAs with dose optimization, and slice interval 
and thickness 2 mm. All image sets from all scanners used 
were acquired and reconstructed according to EARL speci-
fications to allow standardized quantification.

PET image analysis

The  [18F]FDG-PET images were evaluated jointly by two 
researchers (JV and WV), one of whom is a head and neck 
nuclear physician (WV), using Osirix software v11.0.1 
(Pixmeo, Switzerland). A spherical volume of interest con-
taining the whole area of  [18F]FDG-activity was manually 
grown around the primary tumour, in which  SUVmax was 
determined. Next,  SUVmean (the mean SUV of voxels within 
the volume of interest) was calculated in the subvolume with 
an intensity ≥ 50% of  SUVmax, as is the clinical standard in our 
institute. This volume also defined the metabolic tumour vol-
ume (MTV). Total lesion glycolysis (TLG) was calculated by 
multiplying MTV with  SUVmean. For the on-treatment scan, 
50%  SUVmax of the baseline scan was used to calculate MTV 
and TLG.  SUVmean, MTV, and TLG could not be reliably 
calculated if the primary tumour could not be clearly visual-
ized or accurately distinguished from background  [18F]FDG-
uptake. As determined at the immunotherapy symposium of 
the European Association of Nuclear Medicine 2017 annual 
meeting [13], both the PERCIST or the European Organiza-
tion for Research and Treatment of Cancer (EORTC) PET 
study group’s response criteria may be used in the assess-
ment of immunotherapy response. According to routine clini-
cal practice at our institute, we assessed response using the 
EORTC recommendations [15]: complete metabolic response 
(CMR) was defined as a complete resolution of FDG uptake 
in the primary tumour from baseline to on-treatment, partial 
metabolic response (PMR) as a > 25% decrease in primary 
tumour  SUVmax from baseline to on-treatment, and progres-
sive metabolic disease (PMD) as a > 25% increase in primary 
tumour  SUVmax from baseline to on-treatment. As we deter-
mined pathological response in the primary tumour separately 
from the response in the lymph nodes, the appearance of new 
 [18F]FDG-avid lesions was not classified as PMD. All patients 
not meeting the criteria for CMR, PMR, or PMD were classi-
fied as having stable metabolic disease (SMD).

In case a lymph node, with or without metastasis, showed 
notable metabolic activity on the baseline or on-treatment 
scan (or both),  SUVmax,  SUVmean, MTV, and TLG were deter-
mined. In case of metabolic activity on only the baseline or 

on-treatment scan, background metabolism in the same node 
on the other scan was measured for reference. All lymph nodes 
detected by  [18F]FDG-PET prior to treatment were clinically 
diagnosed by ultrasound and, if needed, fine needle aspira-
tion cytology. If an  [18F]FDG-PET-identifiable lymph node 
resided in a level where at least one node was pathologically 
tumour-positive, that avid lymph node was assumed to be 
tumour-positive. A lymph node detected by  [18F]FDG-PET 
was considered tumour-negative only if all dissected nodes 
in that particular level were pathologically tumour-negative. 
We defined a lymph node as pseudoprogressive if there was 
an increase in  SUVmax from baseline to on-treatment in the 
absence of HNSCC metastasis upon pathological examination.

Statistical considerations

All statistics were descriptive.  SUVmax,  SUVmean, MTV, and 
TLG values at baseline and on-treatment and the (percent) 
change between the two time points are reported as medians 
with their interquartile range (IQR). Median values are com-
pared between responders and non-responders using a Wil-
coxon rank-sum test. Within the same patient, baseline and on-
treatment values were compared using a Wilcoxon signed-rank 
test. Time to progression (TTP) was defined as the time from 
surgery to the first local, regional, or distant HNSCC relapse. 
The 2 patients that did not undergo surgery were thus excluded 
from TTP analysis. Overall survival (OS) was defined as the 
time between the first ICB dose and death from any cause (i.e. 
including the 2 patients that did not undergo surgery). Sur-
vival estimates were made using the Kaplan–Meier method; 
responders and non-responders are compared using a log-rank 
test. Median follow-up time was calculated using the inverse 
Kaplan–Meier method. The performance of a PET parameter 
as a diagnostic test for detecting response was assessed per 
receiver operating characteristic (ROC) and the area under 
the ROC curve. All tests were two-sided, and a P-value < 0.05 
was considered statistically significant. All statistical analy-
ses were performed in SPSS Statistics version 25.0 (IBM 
Corp, Armonk, NY, USA) and GraphPad Prism version 9.0.0 
(GraphPad Software, San Diego, CA, USA).

Results

Patient characteristics, pathologic and metabolic 
treatment response

[18F]FDG-PET scans were obtained at baseline and a median 
of 24 (IQR 3) days after the start of ICB in 21 of 32 IMCI-
SION patients. Thirteen patients underwent imaging on the 
same scanner at both time points. Different scanners from 
the same manufacturer were used in 7 patients, while 1 
patient was scanned on an EARL-calibrated machine from 
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another manufacturer in the referring hospital. Definitive 
surgery was performed in 19 of these 21 patients, a median 
of 3 days (IQR 0) after the on-treatment scan: 2 patients 
were ineligible for surgery due to progressive disease or syn-
chronous incurable oesophageal carcinoma.

Twenty of 21 PET-analysable patients had HPV-unrelated 
HNSCC, and 18 had an oral cavity carcinoma. Six patients 
(of whom 5 non-responders) had recurrent disease after 
previous concurrent cisplatin- or cetuximab-radiotherapy 
(3 patients), surgery with postoperative radiotherapy (1 
patient), or surgery only (2 patients). Detailed baseline and 
neoadjuvant treatment characteristics are shown in Table 1.

Seven of 21 patients had a pathological response at their 
primary tumour site, including 6 patients with an MPR and 
one with PPR. Twelve patients had no pathological response 
(Fig. 1). Of the two patients who did not undergo surgery, 
one had apparent clinical primary tumour regression and 
a partial response based on MR-RECIST v.1.1 (grouped 
with the pathological responders), and one had biopsy-
proven MR-RECIST progressive disease (grouped with the 
pathological non-responders). In all, 8 patients (6 MPR, 1 

PPR, 1 MR-RECIST-based response) were responders, and 
13 patients (12 NPR, 1 clinical non-response) were non-
responders (Fig. 1).

EORTC metabolic response assessment 
underestimates incidence and depth 
of primary tumour pathological response early 
upon neoadjuvant immunotherapy

Five of the 8 responders had a CMR (2) or PMR (3) after neo-
adjuvant ICB according to EORTC criteria. Two responding 
patients had SMD and 1 had PMD (Fig. 1). A waterfall plot 
illustrating individual patients’ ΔSUVmax is shown in Fig. 2a. 
The responder marked with b in Fig. 2a had a  SUVmax increase 
of 117%, yet the surgical specimen revealed an MPR with 94% 
cancer cell regression surrounded by a dense population of 
infiltrating immune cells (Fig. 2b). The two responders with 
SMD, one of whom had a PPR and is marked with c in Fig. 2a, 
demonstrated a decrease in the volume of metabolic activity at 
the primary tumour site in the absence of a  SUVmax decrease 
(Fig. 2c).

Table 1  Baseline characteristics 
of  [18F]FDG-PET-evaluable 
patients enrolled in the 
IMCISION trial. Patients with 
a major or partial pathological 
response to neoadjuvant ICB 
at the primary tumour site, and 
the patient without pathological 
response evaluation but with a 
response based on MR-RECIST 
v.1.1, were defined as 
‘responders’. Patients without 
a pathological response or, in 
the absence of pathological 
evaluation, an MR-RECIST 
response at the primary 
tumour site were defined as 
‘non-responders’. Tumours 
were staged according to the 
American Joint Committee on 
Cancer’s staging manual (8th 
edition)

Total (n = 21) Responders (n = 8) Non-
responders 
(n = 13)

Age, median (range) 66 (22–78) 59 (51–76) 66 (22–78)
Sex, n (%)

  Male 12 (57) 6 (75) 6 (46)
  Female 9 (43) 2 (25) 7 (54)

Tumour site, n (%)
  Oral cavity 18 (86) 7 (88) 11 (85)
  Oropharynx 3 (14) 1 (13) 2 (15)

Tumour HPV status, n (%)
  Positive 1 (5) 1 (13) 0
  Negative 20 (95) 7 (88) 13 (100)

cT-stage, n (%)
  2 3 (14) 3 (38) 0
  3 9 (43) 2 (25) 7 (54)
  4 9 (43) 3 (38) 6 (46)

cN-stage, n (%)
  0 12 (57) 4 (50) 8 (62)
  1 5 (24) 3 (38) 2 (15)
  2 4 (19) 1 (13) 3 (23)

Clinical disease stage, n (%)
  II 2 (10) 2 (25) 0
  III 6 (29) 3 (38) 3 (23)
  IV 7 (33) 2 (25) 5 (39)
  Recurrent 6 (29) 1 (13) 5 (39)

Neoadjuvant regimen
  Nivolumab 3 (14) 0 3 (23)
  Nivolumab + ipilimumab 18 (86) 8 (100) 10 (77)
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Volumetric  [18F]FDG‑PET metabolic primary tumour 
response assessment accurately identifies patients 
responsive to neoadjuvant ICB and favourable 
survival

The median baseline and on-treatment primary tumour 
 SUVmax,  SUVmean, MTV, and TLG and their percentage 
change from baseline to on-treatment are shown in Table 2. 
The medians of all parameters decreased from baseline 

to on-treatment in the responders’ group, whereas they 
increased in non-responding patients. The most profound 
change was observed in MTV and TLG, with a median 
of − 74 and − 77% for responding patients, and + 85% 
and + 108% for non-responding patients, respectively. In 
a paired analysis of baseline and on-treatment scans of 
individual patients,  SUVmax did not change significantly 
in the responders’ group (P = 0.2). In contrast,  SUVmean 
(P = 0.04) and MTV and TLG (both P = 0.02) decreased 
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Fig. 2  SUVmax waterfall plot and two cases illustrating the EORTC 
criteria’s relative inaccuracy to determine pathologic response at 
the primary tumour site early upon neoadjuvant ICB in HNSCC. a 
Waterfall plot presenting the percentage change in primary tumour 
 SUVmax from baseline to on-treatment per individual patient. Green 
bars represent pathological responders, red bars non-responders. 
Patients in whom response was assessed per MR-RECIST are marked 
with an asterisk. Dotted grey lines at 25% and − 25% represent the 
EORTC criteria for progressive metabolic disease (PMD) and par-
tial metabolic response (PMR), respectively; patients in between both 
lines had stable metabolic disease SMD. Two patients visually had 
a complete metabolic response (marked CMR), though the  SUVmax 
did not become 0. Patients marked with b and c are further illustrated 

under b and c, respectively. b A patient with clinically rT2N0 carci-
noma of the left cheek mucosa demonstrated primary tumour PMD 
after 2 cycles of nivolumab + ipilimumab, with a  SUVmax increase 
from 5.4 to 11.7 (117%). Evaluation of the surgically resected speci-
men (right panel) revealed a major (near-complete) pathological 
response, with some viable residual tumour (‘T’) surrounded by 
a dense infiltrate of immune cells (‘IC’). c A patient with cT4aN2b 
HNSCC of the floor of the mouth shows a  SUVmax increase from 
15.9 to 17.5 (10%). Correlative histopathology shows a partial patho-
logical response: 69% of the histologically identifiable tumour bed is 
taken up by keratinous debris (KD) under apparent clearance of mult-
inucleated giant cells and foamy macrophages (arrows)
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significantly in all patients in the responders’ group 
(Fig. 3).

Patients in the non-responding group had a significant 
increase in  SUVmax (P = 0.04), MTV (P = 0.002), and 

TLG (P = 0.002, Fig. 3). One patient without a primary 
tumour pathological response, however, showed a decrease 
in  SUVmax (− 22%),  SUVmean (− 7%), MTV (− 47%), and 
TLG (− 51%, Supplementary Fig. 1). While not meeting 

Table 2  Primary tumour 
 [18F]FDG-PET-parameters 
at baseline and on-treatment 
and their percentage change in 
primary tumour responders and 
non-responders. P-values are 
calculated using a Wilcoxon 
rank-sum test. IQR, interquartile 
range; SUV, standardized 
uptake value; MTV, metabolic 
tumour volume; TLG, total 
lesion glycolysis

Metabolic parameter Responders (n = 8) Non-responders (n = 13) P-value

Baseline, median (IQR)
   SUVmax 14.5 (9.6) 14.5 (11.1) 0.8
   SUVmean 9.5 (7.2) 9.3 (7.6) 0.3
  MTV 1.5 (10.3) 6.2 (7.8) 0.2
  TLG 14.3 (74.7) 36.0 (136.3) 0.2

On-treatment, median (IQR)
   SUVmax 9.6 (9.4) 17.8 (15.1) 0.06
   SUVmean 7.2 (10.8) 10.1 (7.9) 0.2
  MTV 0.6 (1.8) 11.6 (20.8)  < 0.001
  TLG 6.1 (19.7) 86.4 (334.4)  < 0.001

%Δ, median (IQR)
  %ΔSUVmax  − 33.3 (62.6) 6.9 (36.4) 0.05
  %ΔSUVmean  − 14.7 (98.6) 3.2 (29.5) 0.002
  %ΔMTV  − 73.7 (60.0) 84.6 (147.8)  < 0.001
  %ΔTLG  − 77.3 (53.7) 108.0 (206.0)  < 0.001

Fig. 3  Individual primary 
tumour  [18F]FDG-PET-based 
metabolic parameters at 
baseline (Pre) and on-treatment 
(On). a‒d Change in primary 
tumour  SUVmax (a),  SUVmean 
(b), metabolic tumour volume 
(MTV, c), and total lesion gly-
colysis (TLG, d) from baseline 
to on-treatment. Patients with 
a response at their primary 
tumour site are shown in green, 
and patients without a primary 
tumour ICB response are shown 
in red. The 2 patients with a 
complete metabolic response 
are included with values ‘0’ 
for on-treatment  SUVmean, 
MTV, and TLG. P-values were 
calculated using a Wilcoxon 
signed-rank test. Primary 
tumour  SUVmean, MTV, and 
TLG could not be determined 
in the patient who had primary 
tumour metabolic pseudopro-
gression based on  SUVmax 
(illustrated in Fig. 2b); this 
patient was excluded from b‒d. 
Please note that y-axes of c and 
d were interrupted to facilitate 
visualization

0

10

20

30

40

70

M
e
ta

b
o
li
c

tu
m

o
r

v
o
lu

m
e

(
c
c
)

P = 0.02 P = 0.002 P = 0.02 P = 0.003

Pre On Pre On Pre On Pre On 
0

50

100

200

600

1000

T
o
ta

l
le

s
io

n
g
ly

c
o
ly

s
is

(g
)

c d

0

5

10

15

20

25

30

S
U

V
m

a
x

0

5

10

15

20

25

S
U

V
m

e
a
n

P = 0.2 P = 0.04 P = 0.04 P = 0.07

Pre On Pre On Pre On Pre On 

a b

Responder

Non-responder



 European Journal of Nuclear Medicine and Molecular Imaging

1 3

pathological response criteria, this patient did have 22% 
pathological primary tumour regression and a major patho-
logical response in the largest lymph node metastasis.

The percent change in MTV and TLG as diagnostic tests 
for a pathological or MR-RECIST-based response early 
upon immunotherapy outperformed the EORTC criteria in 
terms of accuracy (Table 3). Using ΔTLG of − 12.5% as a 
threshold, patients with a TLG-based metabolic response 
at the primary tumour site who underwent surgery had a 
superior TTP compared to patients without a TLG-based 
metabolic response (Fig.  4a) at a median follow-up of 
23.0 months since surgery (log-rank P = 0.06). OS since 
the start of ICB did not differ between the ΔTLG groups 
(log-rank P = 0.3, Fig. 4b). Of note,  SUVmean, MTV, and 
TLG of the tumour of the patient with an MPR and a 117% 
increase in  SUVmax (shown in Fig. 2b) could not be accu-
rately calculated from the baseline scan due to poor dis-
tinction from surrounding normal tissue avidity, and were 
thus excluded. These data indicate that  [18F]FDG-PET and 
particularly MTV and TLG may be accurate and early sur-
rogate biomarkers for primary tumour ICB response and 

favourable TTP upon neoadjuvant immunotherapy prior to 
extensive surgery in HNSCC.

Cervical lymph node metabolic response 
assessment is troubled by pseudoprogression

Pathological assessment of the cervical lymph nodes was 
performed in the 19 patients undergoing surgery (7 primary 
tumour responders, 12 non-responders). As reported previ-
ously [7], response to neoadjuvant ICB at the lymph node 
metastatic sites was not always congruent with the ICB-
response at the primary tumour site. In all, only 5 of the 33 
(15%) pathologically tumour-positive lymph nodes shared 
among 3 patients (of whom 1 with primary tumour MPR and 
2 primary tumour NPR) showed evidence of PPR or MPR.

Twenty-one of 33 pathologically confirmed lymph node 
metastases could be reliably identified on  [18F]FDG-PET 
(Fig. 5a). The 5 metastases with a PPR or MPR (exam-
ple in Fig. 5b) showed a significant decrease in  SUVmax 
(median 3.1, Wilcoxon signed rank P = 0.04). Three 
other lymph node metastases had a decrease in  SUVmax 

Table 3  Receiver operating characteristic describing the value of the 
percentage change in different FDG-PET parameters at the primary 
tumour site as surrogate marker for a pathological response early 

upon neoadjuvant ICB. AUC , area under the curve; SUV, standard-
ized uptake value; MTV, metabolic tumour volume; TLG, total lesion 
glycolysis

Metabolic parameter AUC Threshold Sensitivity Specificity Accuracy

%ΔSUVmax 0.760  − 25% 1 0.63 0.86
%ΔSUVmean 0.901  − 8.5% 1 0.71 0.90
%ΔMTV 0.978  − 12.5% 0.92 1 0.95
%ΔTLG 0.978  − 12.5% 0.92 1 0.95
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Fig. 4  Kaplan–Meier survival estimates of patients with or with-
out a total lesion glycolysis (TLG)–based primary tumour metabolic 
response. a Time to progression (TTP) since surgery of patients with 
a ≥ 12.5% decrease in TLG at primary tumour site (green) from base-
line to on-treatment and patients without a ≥ 12.5% decrease (red). 
Only patients who underwent surgery are included here. b Overall 

survival since the start of ICB, for the same TLG-based metabolic 
response groups. The 2 patients who did not undergo surgery are 
included here. The deceased patients with a TLG-based metabolic 
response all died disease-free of causes unrelated to HNSCC. P-val-
ues were calculated using a log-rank test
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in the absence of a pathological response (− 0.2, − 0.2, 
and − 5.2); the metastasis with a − 5.2  SUVmax decrease 
showed evidence of an ICB response, though not suffi-
cient for a PPR. Thirteen lymph node metastases had an 

increase in  SUVmax (median + 2.7, Wilcoxon signed rank 
P = 0.001), all without a pathological ICB response.

Fifteen lymph nodes in 7 patients that were suspected 
of harbouring HNSCC metastases based on  [18F]FDG-
PET turned out to be pathologically tumour-negative 
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Fig. 5  Metabolic responses, progression, and pseudoprogression in 
cervical lymph nodes. a Waterfall plot showing the absolute change 
in  SUVmax from baseline to on-treatment for pathologically proven 
lymph node metastases in the neck dissection specimens. Bar col-
our indicates ICB response (green) or non-response (red). Bars 
marked b and ei are further detailed under b and ei, respectively. b 
A patient with cT4aN2c HNSCC of the left alveolar process of the 
mandible showed PMD at the primary tumour site  (SUVmax + 35%, 
 SUVmean + 35%, MTV + 144%, and TLG + 230%). Two ipsilateral 
level 2 lymph nodes (arrows) showed a  SUVmax decrease from 8.8 
to 5.7 (− 35%) and 6.6 to 5.6 (− 15%). Correlative keratin 14-stained 
pathology slides revealed one node with disturbed architecture but lit-
tle viable tumour (12 × image), corresponding to an MPR. The other 
level 2 lymph node showed a PPR (not shown). c Waterfall plot show-
ing the absolute change in  SUVmax from baseline to on-treatment for 

pathologically proven tumour-negative lymph nodes. Bars marked 
with d and eii are further detailed under d and eii, respectively. d A 
patient with a  SUVmax increase from 3.4 to 5.3 (56%) in a left (con-
tralateral) level 1b lymph node after neoadjuvant ICB (arrows). 
Correlative H&E slide of the left level 1b neck dissection specimen 
revealed no lymph node metastases. This patient’s primary tumour 
showed a partial pathological response (shown in Fig. 2c). e Level 3 
transversal  [18F]FDG-PET and keratin 14-stained pathology images 
of the same patient shown under b. Two level 3 nodes are detected: 
one left (ipsilateral, marked ei) with an  SUVmax increase from 4.0 to 
8.5, and one right (contralateral, marked eii) with an  SUVmax increase 
from 4.1 to 8.8. Correlative keratin 14-stained pathology slides 
showed a metastasis in level 3 left without evidence of ICB response 
(ei), while none of the resected right level 3 nodes contained tumour 
(eii)
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(Fig. 5c). Fourteen showed an increase in  SUVmax from 
baseline to on-treatment (median + 2.1, Wilcoxon signed 
rank P = 0.002) and were considered pseudoprogressive 
(example in Fig. 5d). In one patient, a 1.9 increase in 
 SUVmax in a contralateral lymph node led to escalation of 
surgery to include a bilateral neck dissection: histopathol-
ogy revealed no contralateral metastases (Fig. 5d).

Median baseline and on-treatment  SUVmax and their 
difference (absolute and per cent) for all 27 lymph nodes 
with a  SUVmax increase after neoadjuvant ICB (13 tumour-
positive and 14 tumour-negative) are shown in Table 4. 
The on-treatment  SUVmax of the 13 tumour-positive 
nodes (7.2, IQR 4.1) was significantly higher than of the 
14 tumour-negative nodes (4.8, IQR 1.1, P = 0.02). Still, 
distinguishing between true- and pseudoprogression in the 
cervical lymph nodes on  [18F]FDG-PET is problematic, 
not least because these phenomena may be present simul-
taneously within the same patient and irrespective of the 
ICB responses in other lymph node metastases and the 
primary tumour, as illustrated in Fig. 5e.

Due to insufficiently avid and bulky disease at the meta-
static sites, MTV and TLG could only be determined at 
baseline and on-treatment in 2 lymph node metastases with 
a response (of which one is shown in Fig. 3f) and greatly 
decreased in both nodes (MTV: − 99 and − 85%, TLG: − 99 
and − 88%). MTV and TLG increased from baseline to 
on-treatment in the 2 non-responsive metastases for 
which they could be calculated (MTV: + 167 and + 533%, 
TLG: + 178 and + 748%).

Discussion

Immune checkpoint blockade has become standard of 
care for patients with recurrent or metastatic HNSCC, 
and recent trial data demonstrate that ICB may be safely 
and effectively integrated into curative treatment as neo-
adjuvant therapy [6, 7, 16]. The relatively low major 

pathological response rate after neoadjuvant dual ICB 
with anti-PD-1 and anti-CTLA-4 of 20–35% in HNSCC, 
however, underlines the need to select of patients likely to 
respond [6, 7]. While several pre-treatment biomarkers, 
reviewed in [17], have been proposed, only the tumour 
PD-L1 combined positive score has entered clinical prac-
tice in the R/M HNSCC setting [2]. In the absence of reli-
able predictive biomarkers prior to treatment, on-treatment 
biomarkers identifying individual patients with a clinically 
relevant response early upon ICB may guide decision-
making in future clinical trials investigating response-
driven treatment adaptation. Our research suggests that 
MTV and TLG based on  [18F]FDG-PET are promising sur-
rogate biomarkers for primary tumour pathologic response 
and favourable disease-specific clinical outcome after neo-
adjuvant ICB in HNSCC and could, upon validation in 
an independent series, select patients for response-driven 
treatment adaptation in future trials.

Treatment response assessment per RECIST-criteria [9] 
based on CT or MR imaging has long been the gold standard 
for objectifying ICB response in a palliative setting and is 
a widely reported endpoint in clinical trials. For  [18F]FDG-
PET-based response evaluation, the EORTC [15] and PER-
CIST [11] criteria have been formulated, where metabolic 
response is determined based on a decrease in  SUVmax or, 
respectively,  SULpeak. ICB’s mechanism of action, recruit-
ing host immune cells to infiltrate and clear a tumour, may 
result in a lesion to remain metabolically stable or even 
progress while it is, in fact, responding to treatment. To 
overcome pseudoprogression, the iRECIST criteria [18] 
for CT or MRI and iPERCIST [19] criteria for  [18F]FDG-
PET were developed, where an additional scan at a later 
time point is required to confirm or refute actual progres-
sive disease. However, the neoadjuvant time frame does not 
offer the months needed to perform a reliable first RECIST 
or EORTC/PERCIST-based response assessment, let alone 
an additional confirmatory scan necessary per iRECIST or 
iPERCIST. Consequently, objective response rates assessed 
per RECIST have been shown to underestimate both the 
depth and incidence of pathological responses to neoadju-
vant ICB in melanoma, colon cancer, non-small cell lung 
cancer, and HNSCC [3, 4, 6, 7, 10]. Therefore, unidirec-
tional RECIST tumour measurements performed on CT or 
MR imaging seem unsuitable to predict an early pathological 
response upon ICB treatment accurately.

We have herein shown that while  [18F]FDG-PET response 
assessment per EORTC criteria identifies some responders, 
it still yields an underestimation of the pathological response 
and results in pseudostable or pseudoprogressive disease at 
the primary tumour site in 3 of 8 HNSCC patients (38%) in 
IMCISION. In a trial investigating neoadjuvant sintilimab 
(anti-PD-1) in patients with resectable non-small cell lung 
cancer, Tao et al. noted that one patient with a PPR after 

Table 4  SUVmax at baseline and on-treatment and their percentage 
change of all 27 lymph nodes with a  SUVmax increase, stratified per 
the presence of metastases in the pathology report. P-values are cal-
culated using a Wilcoxon rank-sum test. SUV, standardized uptake 
value

Metabolic param-
eter, median (IQR)

Tumour-positive 
lymph nodes 
(n = 13)

Tumour-negative 
lymph nodes 
(n = 14)

P-value

Baseline  SUVmax 4.0 (4.4) 2.9 (1.4) 0.2
On-treatment 

 SUVmax

7.2 (4.1) 4.8 (1.1) 0.02

Absolute 
ΔSUVmax

2.7 (3.7) 2.1 (1.3) 0.9

%ΔSUVmax 67.8 (63.0) 69.9 (76.8) 0.4
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neoadjuvant sintilimab (anti-PD-1) was classified as having 
PMD per PERCIST, while MTV and TLG did decrease with 
60 and 50%, respectively [12]. Similarly, two other reports 
on metabolic ICB response assessment in patients with met-
astatic non-small cell lung cancer treated with nivolumab 
have shown that a decrease in TLG outperforms  SUVmax 
when used as an early (2‒4 weeks after therapy initiation) 
biomarker for efficacy and progression-free survival [20, 
21]. We herein propose that a decrease in primary tumour 
MTV and TLG accurately predicts primary tumour patho-
logical response 4 weeks after start of neoadjuvant ICB in 
HNSCC patients. Importantly, we further show that none of 
the patients with a decrease in primary tumour MTV or TLG 
has developed a tumour relapse after 23 months postsurgical 
follow-up, superior to HNSCC patients without an MTV- or 
TLG-based metabolic response, and irrespective of the pres-
ence or absence of pathological response in these patients’ 
lymph node metastases.

Using MTV and TLG as biomarkers for ICB response 
early on-treatment has limitations. First, accurate computa-
tion of MTV and TLG requires a tumour bulk that can be 
accurately demarcated from  [18F]FDG-avidity in the sur-
rounding tissue. While this is in general not a problem in the 
locally advanced HNSCC setting, one patient in the present 
trial had a barely avid T2 tumour of the cheek mucosa, of 
which MTV and TLG could not be calculated at baseline. 
Similarly, metastatic HNSCC in cervical lymph nodes is 
often not sufficiently bulky and avid. Second, while MTV 
and TLG are more accurate than  SUVmax, they too are 
most likely not free from false-negativity through immune-
induced pseudostable or -progressive disease, as has been 
shown in non-small cell lung cancer [21]. While we were 
unable to provide quantitative evidence in this research, the 
patient in whom baseline MTV and TLG were incalcula-
ble showed visually evident metabolic progression after 
treatment yet had a major pathological response at the pri-
mary tumour site. From a practical point of view, finally, 
adherence to an intensive protocol encompassing ICB and 
repeated metabolic response assessment in the short neo-
adjuvant time frame may be challenging for some patients 
with advanced HNSCC, a patient population characterized 
by alcohol and tobacco abuse and a low socio-economic 
status [22, 23].

Metabolic cervical lymph nodal pseudoprogression, 
herein defined as the increase of nodal avidity after neo-
adjuvant ICB in the absence of tumour, was seen in 14 of 
the 27 evaluable nodes (52%) in the present trial. Schoen-
feld et al. reported that cervical lymph node dissection after 
neoadjuvant ICB (nivolumab or nivolumab + ipilimumab) in 
HNSCC showed no tumour in 7 of 15 patients (47%) with an 
increase in lymph nodal  SUVmax of 6 or more, and as much 
as 14 of 15 (93%) with a nodal  SUVmax increase of 3 or 
more. However, they performed the second  [18F]FDG-PET 

scan at a relatively early time point: median 14 days after 
ICB initiation, compared to 24 in our study [6]. Cervical 
lymph nodal pseudoprogression puts patients at risk of 
unjustified expansion of the cervical dissection, as was the 
case in one patient. Using a more tumour-specific radiotracer 
like 3′-deoxy-3′-[18F]fluorothymidine (FLT, a proliferation 
tracer) may help distinguish between true- and pseudopro-
gression and has previously been proven an early indica-
tor of a favourable outcome after (chemo)radiotherapy in 
HNSCC [24, 25]. A small pilot study in stage IV melanoma 
patients treated with pembrolizumab (anti-PD-1) suggests 
FLT-PET-based response assessment in week 6 accurately 
predicts RECIST-based response in week 12, but its utility 
as a biomarker to separate pseudo- from truly progressive 
disease in ICB for HNSCC is unknown.

In conclusion, our data suggest that  [18F]FDG-PET-based, 
primary tumour volumetric metabolic response assess-
ment may be an early and accurate surrogate biomarker 
to identify individual HNSCC patients with a clinically 
relevant pathological response to neoadjuvant nivolumab 
or nivolumab + ipilimumab. In addition, an MTV or TLG 
decrease seems a promising tool to identify individual 
patients who are very unlikely to develop a tumour relapse, 
irrespective of mixed responses or pseudoprogression in 
the cervical lymph nodes, and may therefore serve as an 
on-treatment surrogate biomarker to guide response-driven 
treatment adaptation in future trials.
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