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Background and Objectives "F-fluorodeoxyglucose PET/CT scans can be a useful method
to detect recurrence. However, its role in locally advanced head and neck squamous cell carcino-
mas (HNSCCs) patients after definitive chemoradiotherapy (CRT) has not yet been determined.
The current study was performed to identify the role of therapeutic response evaluation using
PET/CT after definitive CRT.

Subjects and Method We conducted a retrospective review of patients with locally ad-
vanced HNSCCs, and who have undergone definitive CRT from 2009 to 2017 at a single insti-
tution. The patients were divided into two groups according to their responses to the treatment
(metabolic complete remission [mCR] group or non-mCR group), assessed by PET/CT scans
after definitive CRT.

Results Twenty-eight patients were consecutively enrolled. The most common primary site
of cancer was the oropharynx, followed by the oral cavity, hypopharynx, and nasal cavity.
The therapeutic response assessed by PET/CT scans was mCR in 14 patients. The median pro-
gression-free survival (PFS) was not reached in the mCR group but was 13.3 months for the
non-mCR group (p=0.001). The median overall survival was significantly longer for the mCR
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group (52.5 months) than for the non-mCR group (15.2 months, p=0.002). A multivariate anal-

ysis showed PET/CT response and high-sensitivity C-reactive protein (hsCRP) as independent

prognostic factors for PFS (mCR: p=0.027; hsCRP: p=0.042) and for the overall survival

(mCR: p=0.006; hsCRP: p=0.020).

Conclusion PET/CT scans after definitive CRT predicted the prognosis in patients with lo-

cally advanced HNSCCs. CRP was a prognostic factor affecting the outcomes of treatments.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) includes
cancers of the oral cavity, oropharynx, hypopharynx, and lar-
ynx. Globally, 800000 people are diagnosed with HNSCC
annually."” Locoregional HNSCC is treated with curative in-
tent using multimodal treatments such as surgery, radiation
treatment, chemotherapy, or their combinations.” In locally
advanced HNSCC patients who are not candidates for sur-
gery, combined chemoradiotherapy (CRT) is the mainstay of
treatment.”” However, despite multimodal treatment, over
50% of patients with locally advanced HNSCC experience
progression or recurrence within 3 years of treatment.>® Pro-
viding additional treatment to patients who did not achieve a
complete response (CR) after CRT may therefore be an effec-
tive therapeutic approach. Thus, accurate response evaluation
after CRT is very important. However, due to radiation-in-
duced tissue reactions, such as fibrosis, the response evalua-
tion after CRT is not as simple as response assessment after
chemotherapy.” Moreover, changes in tumor vascularity or
metabolic activity cannot be assessed by the Response Eval-
uation Criteria in Solid Tumors (RECIST) criteria, which is
considered the gold standard for assessing the tumor response
after CRT. Studies on complementary modalities, such as CT
perfusion, MRI, and PET/CT, are being conducted to im-
prove the accuracy of post-CRT response evaluations.*"”

PET/CT is a nuclear medicine modality that combines PET
and CT. Imaging with "*F-fluorodeoxyglycose (FDG)-PET/CT
can evaluate tumors based on biochemical changes and there-
fore plays an important diagnostic role in oncologic clinical
practice.”” PET/CT after definitive CRT is considered a use-
ful tool for earlier detection of recurrence during routine sur-
veillance.”' PET may also provide a prognostic marker for
predicting treatment responses and survival outcomes in lo-
cally advanced HNSCC after treatment."'”

In previous studies, PET/CT after CRT showed a prognos-
tic value in assessing overall survival (OS) and progression-
free survival (PFS), and was useful in predicting immediate
therapeutic failures.'” However, there is uncertainty about the
role of PET/CT after CRT. We therefore determined the effi-
cacy and the role of PET/CT in locally advanced HNSCC pa-
tients who received CRT.
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Subjects and Methods

Patients and data collection

Patients who were diagnosed with HNSCC and treated with
definitive CRT were retrospectively evaluated. Locally ad-
vanced HNSCC was defined as HNSCC which cannot be eas-
ily removed by surgery including advanced T stage (T3 or
greater) or advanced neck lymph node (N2 or greater) without
distant metastasis. Patients who were diagnosed with squa-
mous cell carcinoma in cervical lymph nodes from unknown
primary sites but presumed to be of head and neck origin were
also included. Among patients who received definitive CRT,
those who were evaluated with PET/CT scans before and 12
weeks after CRT were evaluated. Clinical factors and treat-
ment outcomes were obtained from medical records. This
study was approved by the Institutional Review Boards of
Pusan National University Yangsan Hospital (IRB No. 05-
2021-186).

Response evaluation

Patients were evaluated for disease status by PET/CT before
and 12 weeks after CRT. Response interpretation was evalu-
ated according to Deauville criteria (Table 1). Complete met-
abolic remission was defined as Deauville scores of 1, 2, or
3 and no or minimal FDG uptake (less than the mediastinal
blood pool) or low-grade uptake (less than in the liver). Non-
CR was defined as moderate focal uptake (more than in the
liver; Deauville score of 4) or intense focal uptake (Deauville
score of 5). In most patients, the maximum standardized up-
take value (mSUV) was also recorded. Among the patients
with a Deauville score of 3, those with a mSUV >3.5 were
categorized as non-metabolic complete remission (mCR) in
this study.

Statistical analysis
PFS was defined as the time from the start of treatment un-

Table 1. Deauville score

Score Metabolic activity of lesion

1 No "®F-FDG uptake above background activity
"|F-FDG uptake < mediastinum

|F-FDG between mediastinal and liver activity
'|F-FDG more than liver at any site

a A W N

'|F-FDG markedly higher than liver activity and/or
new lesions
X New areas of '°F-FDG uptake unlikely to be related
to disease
FDG, fluorodeoxyglycose




til disease progression or death. OS was defined as the time
from the start of treatment until death as a result of any cause.
Survival curves of OS and PFS were analyzed by the Kaplan-
Meier method and compared using the log-rank test. All re-
ported p-values were two-sided, and p-values <0.05 were
considered statistically significant. All calculations were per-
formed using SPSS statistical software for Windows, version
21.0 (IBM Corp., Armonk, NY, USA).

Results

Patient characteristics

Between November 2009 and March 2017, 28 patients were
consecutively enrolled in current study. Table 2 shows the pa-
tient characteristics. Fourteen patients were assessed as mCR
by PET scans 12 weeks after CRT, and 14 patients were eval-
uated as non-mCR. The majority of patients were stage IV
without distant metastases. Four patients underwent induc-
tion chemotherapy before CRT and most patients received
CRT with a cisplatin-based regimen (Table 2).

Response and survival

When assessing disease status after CRT, 11 patients achieved
mCR and 17 patients did not achieve mCR. Patients of larynx
and unknown origin were all mCR and 45.5% of oropharyn-
geal origin patients achieved mCR (Table 3). In 11 patients
who achieved mCR, CT or MRI results did not show CR with
PET/CT in 4 patients (PR in 2 patients, SD in 1 patient). In
non-mCR group, 12 patients showed PR and 5 patients showed
SD in CT or MRI. The median follow-up was 34.2 (2.6—140.5)
months. In all patients, the median PFS was 19.8 (95% confi-
dence interval [CI]: 10.7-28.9) months and the median OS
was 34.8 (95% CI: 26.7—42.8) months. The median PFSs in
the mCR was not reached and median PFS in the non-mCR
groups was 13.3 (95% CI: 6.0—20.6) months. The median OS
in the mCR group and non-mCR group were 52.5 (95% CIL:
0—144.4) and 15.2 (95% CI: 10.9—19.5) months, respectively.
The PFS and OS were longer in the mCR group and had a
better statistical significance than the non-mCR group (Table
4 and Fig. 1).

Univariate and multivariate analyses

In the univariate analyses for PFS, the following were not
significant factors: age, sex, Eastern Cooperative Oncology
Group Performance Status, cancer stage, smoking history,
tumor differentiation, weight loss during CRT, neutrophil to
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lymphocyte ratio (NLR), and radiation dose. Diabetes (p=
0.034), high-sensitivity C-reactive protein (hsCRP) (<1.0 vs.
>1.0, p=0.017), and PET/CT response were significant fac-
tors for PFS. In multivariate analysis for PFS, hsCRP mea-

Table 2. Patient characteristics (n=28)

Characteristics Value

Age (yr) 61.0 (48-82)
Sex

Male 22 (78.6)

Female 6(21.4)
ECOG PS

0,1 21 (75.0)

Other 7 (25.0)
Primary origin

Oropharynx 11 (39.3)

Oral cavity 7 (25.0)

Hypopharynx 5(17.9)

Nasal cavity 3(10.7)

Larynx 1(3.6)

Others 1(3.6)
Stage

| 0

[ 1(3.6)

I 1(3.6)

IVA 22 (78.6)

IVB 4(14.3)
T. N, M staging

T1/12/73/T4
NO/NT/N2/N3

2(7.1)/4(14.3)/4 (14.3)/17 (60.7)
5(17.9)/8 (28.6)/12 (42.9)/3 (10.7)

MO/M1 28 (100)/0
Induction chemotherapy
Yes 4(14.3)
No 24 (85.7)
Chemotherapy regimen (induction)
Docetaxel/cisplatin 3
Fluorouracil/cisplatin
Chemotherapy regimen
Cisplatin 14 (50.0)
Cetuxiumab 2(7.1)
Docetaxel/cisplatin 4(14.3)
Paclitaxel/cisplatin 8 (28.6)
Radiatfion dose
>60 Gy 20 (71.4)
<60 Gy 8(28.4)
Smoking history
Yes 8 (28.6)
No 20 (71.4)

Data are presented as median (range) or n (%). ECOG, East-
ern Cooperative Oncology Group; PS, performance status;
CRT, chemoradiotherapy
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sured before treatment (p=0.042) and response by PET/CT
after CRT (p=0.027) were independent prognostic factors
(Table 5). In univariate analyses for OS, hsCRP, NLR, and
PET/CT responses were significant factors. In multivariate
analysis, hsCRP (p=0.020) and PET/CT responses (p=0.006)
were independent prognostic factors for OS, similar to the re-
sults for PFS.

Discussion

In patients with locally advanced HNSCC, multimodal treat-
ment, including surgery, radiation therapy, and chemotherapy,
is the most important treatment strategy. When surgery is not
possible, definitive CRT is the standard treatment. For several
disease sites, such as the nasopharynx or pl6-positive orophar-

Table 3. Response according to primary origin

Primary origin mCR (%) Non-mCR (%)
Oropharynx 5 (45.5) 6 (54.5)
Oral cavity 1(11.1) 6 (88.9)
Hypopharynx 2 (40.0) 3(60.0)
Nasal cavity 1(33.3) 2 (66.7)
Larynx 1(100) 0
Ofthers 1(100) 0

Table 4. PFS and OS according to PET/CT responses after de-
finitive chemoradiotherapy

mCR Non-mCR
months (95% CI) months (95% ClI)
PFS NR* 13.3 (6.0-20.6) 0.001
oS 52.5 (0-144.4) 152 (10.9-19.5) 0.002

*not reached because the event occurred in less than half of
cases. PFS, progression-free survival; OS, overall survival; mCR,
metabolic complete remission; Cl, confidence interval

ynx, CRT has replaced surgery and has been established as a
standard treatment modality for decades.”"” Despite multi-
modality treatment, over 50% of locally advanced HNSCC
patients who received treatments unfortunately experience
progression or recurrence within 3 years.>"*” It is therefore
important to classify and evaluate patients with a high risk of
progression after CRT. Various factors including initial tumor
stage, primary tumor location, HPV status, and smoking his-
tory can be prognostic factors for progression or recurrence.””
In addition, other predictive markers that may help for sur-
veillance are being widely investigated.>*”” Morphological
assessment of the involved lesion is the standard method for
tumor response evaluation. The original RECIST criteria and
the revised version (v.1.1) have been widely used to assess
the treatment responses of solid tumors.***” RECIST can be
easily used because it is based on the longest diameter of the
measurable lesion, but it can also be a disadvantage when size
is a criterion. Due to reactive changes, such as inflammatory
reactions and fibrosis, after CRT, morphological evaluation
has limitations in evaluating residual cancers. To overcome
this disadvantage of morphological imaging, functional im-
aging methods have been extensively investigated.*'****” Re-
cently, morphological and functional evaluations have been
shown to complement each other, so evaluating both the mor-
phological and functional status of tumors has been accepted
as the optimal evaluation method for treatment decisions.”””
PET/CT is a representative functional imaging modality that
has been to evaluate the metabolic activities of tumors in pa-
tients with malignancies. PET/CT provides sequential images
from both PET and CT scans, which can show metabolic ac-
tivity correlated with anatomical location. In locally advanced

1.0 1 -1 mCR group
-1 Non-mCR group
08 - —+ mCR, censored
I~ Non-mCR, censored
o 0.6 1
4
4
04
02 A
00 - p=0.001
T T T T T T
0 24 48 72 96 120
A Months

1.0 1 - mCR group
-1 Non-mCR group
08 - —+ mCR, censored
I~ Non-mCR, censored
o 0.6
[
8
0.4
b
0.2
00 4 p=0.002
T T T T T T T
0 24 48 72 96 120 144
B Months

Fig. 1. Kaplan-Meier survival analysis of PFS (A) and OS (B) according to the PET/CT response, and mCR versus non-mCR. Both PFS
and OS were significantly longer in patients with a mCR response using post-treatment PET/CT (p=0.001 for PFS, p=0.002 for OS; log-
rank test). PFS, progression-free survival; OS, overall survival; mCR, metabolic complete remission.
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Table 5. Univariate and multivariate analysis of PFS and OS (n=28)
PFS (6N

value value
Median months (95% CI) 2 Median (95% CI) (months) 2

Univariate analysis

Age (years) 0.562 0.232
<65 (n=17) 22.4(10.8—-34.0) 36.5(29.3-43.8)
=65 (n=11) 14.5(0.5-28.5) 31.8 (12.8-50.8)

Sex 0.141 0.556
M (n=22) 16.2 (8.7-23.7) 33.1(17.8-48.4)
F (nh=6) NAT 38.0 (21.7-54.3)

ECOG PS 0.512 0.996
0,1 (n=21) 25.4 (13.4-37.5) 38.0 (15.7-60.3)
Other (n=7) 14.5(6.3-22.7) 33.1(29.8-36.4)

Stage 0.092 0.079
I-IVA (n=24) 22.4 (12.1-32.7) 36.5 (30.0-43.0)
IVB (n=4) 10.1 (8.6—11.6) 15.2 (0-32.6)

Smoking history 0.825 0.897
Ever (n=8) 19.8 (7.9-31.7) 34.8 (13.6-56.0)
Never (n=20) 14.5 (0—-33.4) 33.1(22.8-43.4)

Diabetes 0.034 0.084
No (n=23) 25.4 (0-51.1) 38 (30.2-45.8)
Yes (n=5) 13.3 (6.43-20.2) 15.2 (3.5-26.9)

Tumor differentiation 0.885 0.743
Well differentiated (n=3) NA 38.5(37.7-39.3)
Ofther (n=7) 14.5 (2.4-26.6) 33.1(0-80.8)
Not available (n=18) - -

Weight loss during CRT 0.654 0.400
<4.9 kg (n=13) 22.4 (11.6-33.2) 33.1(15.7-50.5)
>4.9 kg (n=14) 19.8 (0—42.0) 36.5 (25-48.1)
Unknown (n=1) - -

hsCRP 0.017 0.004
<1.0 (n=20) 38.5 (NA) 38.1(37.0-39.2)
>1.0 (n=6) 13.3(5.3-21.3) 15.2 (2.8-59.5)
Unknown (n=2) - -

NLR 0.052 0.034
<2.5(n=18) 22.4 (0-59.0) 36.5(28.8-44.2)
>2.5(n=10) 10.5(8.6—12.4) 31.8 (4.1-59.5)

Radiation dose 0.544 0.995
<60 Gy (n=8) 16.2 (2.4-30.0) 36.5(12.0-61.0)
>60 Gy (n=20) 19.8 (10.5-29.1) 31.8 (13.0-50.6)

PET/CT response 0.001 0.002
mCR (n=14) NA 52.5 (0-144.4)
Non-mCR (n=14) 13.3 (6.0-20.6) 15.2(10.9-19.5)

Exp (B) (95% ClI) Exp (B) (95% ClI)
Multivariate analysis*

Diabetes 0.551
No (n=23) 1.458 (0.423-5.033)
Yes (n=5)

hsCRP 0.042 0.020
<1.0 (n=20) 3.146 (1.042-9.499) 3.853 (1.233-12.043)
>1.0 (n=6)

Unknown (n=2)
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Table 5. Univariate and multivariate analysis of PFS and OS (n=28) (continued)

= PFS p value = o8 p value
Median months (95% CI) Median (95% CI) (months)
NLR 0.252
<2.5(n=18) 1.778 (0.664—4.761)
>2.5(n=10)
PET/CT response 0.027 0.006
mCR (n=14) 0.255 (0.076-0.854) 0.249 (0.092-0.678)

Non-mCR (n=14)

*variables with p<0.05 included in the multivariate analyses; Tmedian value could not be calculated because of censored data.
PFS, progression-free survival; OS, overall survival; Cl, confidence interval; ECOG, Eastern Clinical Oncology Group; PS, Perfor-
mance Status; CRT, chemoradiotherapy; hsCRP, high-sensitivity C-reactive protein; NLR, neutrophil to lymphocyte ratio; mCR,

metabolic complete remission

HNSCC:s patients who received CRT, PET/CT is widely used
to evaluate the status of residual tumors. Several previous
studies suggested the important role of PET/CT in locally
advanced HNSCCs patients.”">'® Based on these and other
studies, PET/CT has become an essential imaging tool in pa-
tients with locally advanced HNSCCs who received CRT for
response evaluation and prognoses.”'***”

Many criteria have been investigated in the interpretation
of PET/CT images.” The SUV number for several years has
already been considered inappropriate as a criterion for judg-
ing residual disease after CRT.”"*” Since the 2010s, four pop-
ular semi-quantitative evaluation criteria have been reported
and validated.”>” In a recent comparative study, four crite-
ria showed similar diagnostic performance characteristics.””
Thus, any one criterion has not yet become the gold standard
for PET/CT interpretation. In the present study, we used the
Deauville score, but for the indeterminate score (score 3), we
additionally used mSUYV for more accurate statistical analy-
ses. We then investigated the prognostic role of PET/CT in
patients with locally advanced HNSCCs who received CRT.
PET/CT was conducted before and approximately 12 weeks
after CRT. Patients with mCR after CRT showed significant-
ly longer PFS, and the OS was also significantly found to be
longer in patients with mCR after CRT. The median OSs in
patients with mCR and non-mCR were 52.5 months and 15.2
months, respectively. Using univariate and multivariate anal-
yses, the PET/CT response of mCR after CRT was an inde-
pendent prognostic factor for PFS (hazard ratio [HR]: 0.255,
95% CI: 0.076—0.854) and OS (HR: 0.249, 95% CI: 0.092—
0.678). In addition, the hsCRP level before CRT was another
significant prognostic factor for PFS and OS. This might be
because high level of hsCRP may reflect initial high tumor
burden. The results of our study were consistent with that of
previous studies, which showed that PET/CT was helpful in
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predicting the prognosis after CRT.

Current study had several limitations due to its retrospec-
tive design and small sample size. The primary tumor site
and chemotherapy regimen during CRT were heterogeneous.
The number of patients was small in current study. By using
an extended follow-up period, we overcame the disadvantage
of small sample size and showed a statistically significant
difference between the mCR and non-mCR groups. The re-
sults of this study were obtained from clinical practices, so it
is meaningful that PET/CT results, which is widely used in
clinics, provided a prognostic marker after CRT. However,
further prospective large-scale studies will be needed to con-
firm the results.

In conclusion, PET/CT scans predicted the outcomes in lo-
cally advanced HNSCCs patients who received definitive
CRT, and hsCRP was also a prognostic factor for treatment

outcomes.
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