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Abstract. Immune checkpoint inhibitors (ICIs) targeting 
programmed death ligand‑1 (PD‑L1) are highly promising 
therapies for oral squamous cell carcinoma (OSCC). The 
assessment of PD‑L1 expression may help predicting the 
therapeutic effect of ICIs and, thus, benefit patient selec‑
tion. Contrast index (CI) parameters derived from dynamic 
contrast‑enhanced magnetic resonance imaging (DCE‑MRI) 
have been proven as efficient to assess microvessel density 
(MVD) in OSCC. The present study aimed to determine the 
correlation between DCE‑MRI parameters and MVD and 
between DCE‑MRI parameters and PD‑L1 expression to 
determine whether DCE‑MRI could be used non‑invasively to 
evaluate PD‑L1 expression in patients with OSCC. A total of 
21 patients with primary OSCC who had undergone a 3T MRI 
scan, including DCE‑MRI, were included in the present study, 
and CI curve‑derived parameters were examined. The MVD 
and PD‑L1 expression in the surgically resected specimens 
were analyzed using immunohistochemistry (IHC) staining 
for CD31 and IHC staining for PD‑L1, respectively. The results 
demonstrated that the expression levels of these markers 

were correlated with DCE‑MRI parameters. PD‑L1 expres‑
sion levels were found to be significantly correlated with the 
maximum CI (CI‑max; P=0.007), peak CI (CI‑peak; P=0.007), 
maximum CI gain (CI‑gain; P=0.006) and MVD (P=0.001) 
values. The mean CI‑max, CI‑peak, CI‑gain and MVD values 
were significantly higher in tumors with high PD‑L1 expression 
(P<0.05). MVD levels were also significantly correlated with 
the time of CI‑max (T‑max; P=0.003) and CI‑gain (P=0.037). 
The mean CI‑gain was significantly increased, and the mean 
T‑max was significantly shorter in high MVD tumors (P<0.05 
and P<0.01, respectively). In summary, the findings from the 
present study confirmed the correlation between CI param‑
eters, derived from DCE‑MRI, and MVD, and suggested that 
these parameters may be correlated with PD‑L1 expression in 
OSCC tumor cells.

Introduction

The use of immunotherapy has revolutionized the treat‑
ment of numerous types of cancer, such as lung, gastric and 
cervical cancers (1,2). New indications, treatment strategies 
and thus, consensus recommendations, continuously emerge 
for immune checkpoint inhibitors (ICIs) designed for different 
malignancies  (3,4). The ICIs nivolumab (Opdivo; Bristol 
Myers Squibb) and pembrolizumab (Keytruda; Merck Sharpe 
& Dohme‑Hoddesdon) have been approved in the recent years 
for the treatment of patients with recurrent/metastatic head and 
neck squamous cell carcinoma (HNSCC) and who experience 
disease progression after treatment with a platinum‑based 
chemotherapy agent (3‑5). These novel drugs aim to target 
an important immunological checkpoint in HNSCC and oral 
squamous cell carcinoma (OSCC), which is the programmed 
death‑1 receptor (PD‑1)/programmed death ligand‑1 (PD‑L1) 
interaction  (5,6). Nivolumab and pembrolizumab block 
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the inhibitory interaction between PD‑1 and PD‑L1, which 
reactivates the immune system and enhances tumor cell elimi‑
nation. ICIs targeting PD‑1/PD‑L1 have demonstrated clinical 
efficacy in HNSCC, highlighting the important role of ICIs 
in the management of the disease (6,7). PD‑L1 expression is 
commonly used as a biomarker to predict the therapeutic effect 
of and response rates to the immunotherapy drugs, nivolumab 
and pembrolizumab (8). In patients with recurrent/metastatic 
HNSCC, biopsies are commonly used for confirmation of 
disease recurrence, and it has been suggested that these 
biopsies should also be used to evaluate PD‑L1 expression (8). 
However, biopsies are surgically invasive and place a physical 
burden on the patient. Therefore, a complementary and mini‑
mally invasive procedure for assessing PD‑L1 expression 
may be beneficial for patients. Magnetic resonance imaging 
(MRI) is a widespread imaging technique that is frequently 
used for the diagnosis of HNSCC. In particular, dynamic 
contrast‑enhanced (DCE)‑MRI produces functional images 
and provides insight into the tumor microvasculature, which 
can help predict the outcome. Thus, DCE‑MRI is currently 
used as a non‑invasive method that provides measures related 
to immunohistochemical analyses (9,10), which helps investi‑
gating numerous histopathological features that may predict 
tumor behavior. Microvessel density (MVD) is a key histo‑
pathological feature worthy of investigation, which has been 
reported to be a useful prognostic indicator in various types 
of malignant tumors (11,12). Assessment of MVD involves the 
evaluation of vessels following staining with the endothelial 
cell marker CD31 (11). MVD reflects the intensity of angio‑
genesis within the tumor, which is reportedly associated with 
tumor growth or metastasis in OSCC (9,12).

A previous study suggested that angiogenesis may influ‑
ence the enhancement patterns on DCE‑MRI scans, and that 
MVD is significantly associated with DCE‑MRI parameters 
in patients with OSCC (9). MVD was also reported to be 
positively associated with PD‑L1 expression in patients 
with classical Hodgkin's lymphoma, as the mean MVD 
of PD‑L1‑positive tumors was found to be slightly higher 
compared with that of PD‑L1‑negative tumors (11). Based on 
these studies, the present study hypothesized that DCE‑MRI 
may be able to predict PD‑L1 expression.

In our institution, DCE‑MRI is performed as a preopera‑
tive examination for patients with HNSCC, particularly those 
with OSCC. Considering that DCE‑MRI is a non‑invasive 
method, the identification of valid DCE‑MRI parameters for 
estimating the expression of PD‑L1 and subsequently assessing 
the therapeutic effect of ICIs may reduce the physical burden 
that biopsies incur to patients and expand to its clinical appli‑
cation. To the best of our knowledge, no previous study has 
investigated the potential roles of DCE‑MRI signal intensity 
(SI)‑ and contrast index (CI)‑based parameters for predicting 
the therapeutic effect of ICIs in patients with OSCC.

Materials and methods

Patients. The study protocol was approved by the Institutional 
Review Board of Okayama University Graduate School 
of Medicine, Dentistry and Pharmaceutical Sciences, 
Okayama University Hospital, Ethics Committee (approval 
no. 1807‑008). All patients provided written informed consent 

prior to participation. Between October 2012 and March 2017, 
59 patients who underwent DCE‑MRI at Okayama University 
Hospital (Okayama, Japan) were histopathologically diag‑
nosed with primary OSCC. Patients with T4 tumors according 
to the Tumor‑Node‑Metastasis (TNM) classification (13) were 
excluded, as T4 tumors are large and likely to invade the 
peripheral tissue, which would produce an erroneous SI on a 
DCE‑MRI scan. Of the selected patients with T1, T2 and T3 
tumors, patients were excluded if the lesions were too small for 
the SI to be calculated, if they had substantial metal‑induced 
artifacts, if the tumor exhibited areas of necrosis, or if patient 
movement was recorded during the scan. Furthermore, patients 
who underwent DCE‑MRI using a different processing plat‑
form (Tissue 4D; Siemens Healthineers), which included 30 
scans, and patients whose DCE‑MRI scans were acquired 
in the coronal plane, were also excluded. Thus, according to 
the inclusion criteria, 21 patients (12 men and 9 women; age 
range, 34‑87 years; mean age, 64 years) were included as the 
final patient cohort in the present study. The distribution of 
the primary lesions was as follows: Tongue, n=8; maxillary 
gingiva, n=3; mandibular gingiva, n=3; floor of the mouth, 
n=4; buccal mucosa, n=2; and palate, n=1.

MRI protocol. The MRI examinations were performed using 
a 3T unit (MAGNETOM Skyra; Siemens Healthineers) 
with a head coil or head and neck coil. T1‑weighted images 
(T1WIs) or T1‑weighted fluid‑attenuated inversion recovery 
(T1‑FLAIR) images were acquired with a spin‑echo sequence, 
and short inversion time inversion recovery (STIR) images 
were acquired for all cases with a turbo spin‑echo sequence. 
Images were taken in both the axial and coronal planes. The 
section level for the dynamic study was then selected from 
the acquired T1WIs and STIR images. DCE‑MRI in the 
selected section was performed using three‑dimensional fast 
imaging with a steady‑state precession sequence. The imaging 
parameters of the dynamic study were as follows: Repetition 
time, 4.53‑7.48 msec; echo time, 1.7‑3.06 msec; and flip angle, 
12 .̊ The first DCE‑MRI series was composed of 14 consecu‑
tive scans, the acquisition time for each scan was 14 sec and 
the interscan interval was 1 sec, resulting in a total scan time 
of 210 sec. Before the second scan, 0.2 ml/kg gadopentetate 
dimeglumine (Magnevist®; Nihon Schering) was administered 
intravenously for 6 sec at a rate of ~2.0 ml/sec via manual 
injection. Contrast‑enhanced (CE) T1WIs with fat suppression 
or CE T1‑FLAIR images with fat suppression were acquired 
after DCE‑MRI.

Evaluation of DCE‑MRI parameters. For each lesion, the 
region of interest (ROI) was drawn on the DCE images to 
include the region containing the greatest diameter of the 
tumor (Fig. 1A). The SI of each ROI was calculated using 
a workstation (Synapse Vincent; Fujifilm Medical Co.). 
The CI was calculated using the following formula: [SI 
(post‑contrast)‑SI (pre‑contrast)]/SI (pre‑contrast). The time 
course of the CI was then plotted to obtain a CI curve. Using 
the CI curve, the following DCE‑MRI parameters were 
defined: Maximum CI (CI‑max; the maximum amplitude of 
contrast enhancement) and time of CI‑max (T‑max; the time 
at which CI‑max occurred). The peak CI (CI‑peak), which is 
the first CI measurement that satisfied CI‑max x 0.90, and the 



ONCOLOGY LETTERS  22:  778,  2021 3

maximum CI gain (CI‑gain), which is the maximum gradient 
on the upslope phase of the enhancement curve that indicates 
the difference in the CI between two consecutive images, were 
calculated (Fig. 1B).

Preparation of surgically resected specimens for histological 
examinations. The surgically resected specimens were fixed 
in formalin and embedded in paraffin using a standardized 
procedure (14). The representative tumor sections were selected 
so that the longest diameter in the plane of measurement 
containing the largest amount of tumor would be included. The 
representative tumor sections were cut into 3‑µm serial sections 
and mounted on APS‑coated glass slides. These sections were 
subsequently used for immunohistochemistry (IHC).

IHC. Paraffin‑embedded tissue sections were deparaffinized in 
a series of xylene for 15 min, rehydrated through a decreasing 
series of graded ethanol (100, 90, 80 and 70%), incubated in 
3% hydrogen peroxide/methanol solution for 30 min at room 
temperature to quench the endogenous peroxidase activity, 
and washed with distilled water for 5 min. For CD31 detec‑
tion, antigen retrieval was performed by heating sections with 
0.01 mol/l citrate buffer (pH 9.0) at 120˚C for 15 min in a pres‑
sure cooker. For PD‑L1 and vascular endothelial growth factor 
(VEGF) detection, antigen retrieval was performed by heating 
sections with 0.01 mol/l citrate buffer (pH 6.0) at 100˚C for 3 min 
in a microwave. Following antigen retrieval, the sections were 
blocked with 10% normal goat serum (Vector Laboratories, 
Inc.) for 20 min at room temperature in a humidified chamber. 
The sections were subsequently incubated with the following 
primary antibodies at 4˚C overnight: Anti‑CD31 (mouse; 1:100; 
cat. no. CD31‑607‑L‑CE; Leica Biosystems Nussloch GmbH), 
anti‑PD‑L1 (rabbit; 1:500; cat. no. ab205921; Abcam) and 
anti‑VEGF (rabbit; 1:100; cat. no. ab183100; Abcam). Following 
primary antibody incubation, the sections were incubated with 
a secondary biotinylated antibody (cat. no. PK‑6101, Vector 
Laboratories, Inc.) using the avidin‑biotin complex method. 
Color development was performed by incubating the sections 

with 0.02% Histofine® DAB substrate (Nichirei Biosciences, 
Inc.) at room temperature prior to counterstaining with 
Mayer's hematoxylin. Stained sections were visualized under 
an optical microscope at low (x20) and high (x100 and x200) 
magnification.

MVD quantification. MVD in vascular hotspots was quantified 
according to the consensus guidelines for the use and interpre‑
tation of angiogenesis assays and Weidner's method (15,16). 
Vascular hotspots are defined as areas with a high concentra‑
tion of new, but inefficient blood vessels, which have sprouted 
from existing vessels (15). Weidner's method states that any 
positively stained individual endothelial cell or endothelial 
cell cluster that is clearly separate from adjacent microvessels, 
tumor cells and other connective tissue elements, should be 
considered as a single, countable microvessel. The presence 
of vessel lumens is not necessary for a structure to be defined 
as a microvessel (15,16). The cancer and stroma areas in the 
specimens were identified according to specific morphological 
features, including color, texture and contextual features (17), 
in addition to observing respective H&E‑stained slides. Slides 
were first examined at a low magnification (x20) to scan the 
entire stained tumor section and to identify vascular hotspots. 
Images of five vascular hotspots were then acquired at x200 
magnification. CD31‑positive microvessels were counted in the 
five acquired hotspot images and the mean MVD value, which 
has no units, was determined. Only cells that were morpho‑
logically compatible with the phenotype of endothelial cells 
based on their size and shape were counted as microvessels, to 
avoid the inclusion of macrophages. For each tumor, the MVD 
was defined as the number of microvessels in a microscopic 
field of 0.67 mm2. The samples were sorted into low and high 
MVD groups based on the median MVD.

Assessment of PD‑L1 expression. To semi‑quantify PD‑L1 
expression, the slides were first examined at a low magnifi‑
cation (x20). All areas in the tissue section were observed to 
appropriately evaluate the expression of PD‑L1 on tumor cells. 

Figure. 1. DCE‑MRI image and typical CI curve of OSCC. (A) Region of interest was drawn on the DCE‑MRI image to include the region containing the 
greatest diameter of the tumor. (B) CI curve was constructed using DCE‑MRI and CI curve parameters. DCE‑MRI, dynamic contrast‑enhanced magnetic 
resonance imaging; CI, contrast index.
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PD‑L1 expression was scored using the semi‑quantitative 
tumor proportion score (TPS), which uses a scale of 0‑100% 
to define the percentage of tumor cells with membranous 
and cytoplasmic PD‑L1 expression. PD‑L1 positivity was 
predefined using a TPS cutoff of ≥1% and clinically relevant 
cutoffs of ≥1 and ≥50% were used. Tumor‑associated immune 
cells (macrophages and lymphocytes) were not accounted for 
by using the TPS. Based on the TPS, the samples were sorted 
into three groups: Negative (<1%), low‑positive (1‑49%) and 
high‑positive (50‑100%) PD‑L1 expression.

Assessment of VEGF expression. To quantify VEGF expres‑
sion, 5 fields were acquired at x200 magnification and 2 areas 
of 100 tumor cells were quantified in each of the 5 fields. 
VEGF, expressed as a percentage, was defined as the number 
of positively stained cells to the total number of cells. The 
samples were sorted into low and high VEGF expression 
groups based on the median VEGF expression.

Statistical analysis. Statistical analyses were performed using 
SPSS v27.0 software (IBM Corp.). The correlation between 
DCE‑MRI parameters (CI‑max, T‑max, CI‑gain and CI‑peak) 
and MVD, PD‑L1 and VEGF expression were evaluated using 

Spearman's correlation coefficient (r), which uses a scale from ‑1 
to 1, where 1 implies a perfect positive correlation and ‑1 indicates 
a perfect negative correlation. Statistical differences between the 
DCE‑MRI parameters and MVD and PD‑L1 expression levels 
were determined using a U‑Mann Whitney test or a Kruskal 
Wallis test followed by a Dunn's post hoc test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Patients' characteristics. A total of 21 patients with OSCC 
were analyzed in the present study. The patients' character‑
istics, DCE‑MRI parameters and immunohistochemical 
findings are detailed in Table I.

DCE‑MRI findings. Amongst the OSCC samples, the mean 
CI‑max was found to be 1.45±0.64 (range, 0.56‑3.09), which 
occurred at a mean T‑max of 65 sec. The mean CI‑peak was 
recorded as 1.31±0.57 (range, 0.50‑2.78) and the mean CI‑gain 
was 0.97±0.57 (range, 0.34‑2.59; Table I).

Histopathological findings. CD31 staining was performed on 
all patient samples. Representative images of low and high 

Table I. Clinicopathological characteristics, DCE‑MRI parameters and immunohistochemical findings of patients with oral 
squamous cell carcinoma.

Number	 Age	 Sex	 Region	 TNM	 CI‑max	 T‑max	 CI‑peak	 CI‑gain	 MVD	 VEGF	 PD‑L1

  1	 65	 M	 Maxilla	 T1N0M0	 1.00	 43.60	 0.90	 0.57	 49.25	 89.90	 PD‑L1+low

  2	 58	 M	 Tongue	 T1N0M0	 1.61	 89.90	 1.45	 0.82	 24.80	 71.70	 PD‑L1+low

  3	 68	 M	 Mouth floor	 T1N0M0	 1.17	 59.70	 1.05	 1.02	 73.80	 58.30	 PD‑L1+high

  4	 55	 M	 Tongue	 T1N0M0	 2.28	 29.30	 2.05	 1.14	 73.40	 99.50	 PD‑L1+high

  5	 77	 F	 Mandibular	 T2N0M0	 1.04	 87.20	 0.93	 0.59	 42.00	 93.80	 PD‑L1‑

  6	 65	 F	 Mandibular	 T2N0M0	 1.33	 87.20	 1.20	 0.49	 32.00	 97.00	 PD‑L1‑

  7	 34	 F	 Tongue	 T2N0M0	 1.51	 60.10	 1.36	 1.23	 5.20	 89.30	 PD‑L1‑

  8	 54	 M	 Tongue	 T2N0M0	 1.29	 75.00	 1.16	 0.80	 29.40	 46.90	 PD‑L1‑

  9	 70	 M	 Tongue	 T2N0M0	 1.13	 59.90	 1.02	 0.73	 38.80	 4.50	 PD‑L1‑

10	 63	 M	 Mouth floor	 T2N0M0	 0.81	 45.00	 0.73	 0.55	 22.40	 14.80	 PD‑L1‑

11	 53	 M	 Tongue	 T2N0M0	 1.06	 74.90	 0.95	 0.74	 80.60	 84.90	 PD‑L1‑

12	 59	 M	 Mouth floor	 T2N0M0	 1.19	 89.80	 1.07	 0.80	 31.40	 15.80	 PD‑L1‑

13	 71	 F	 Tongue	 T2N0M0	 1.06	 43.80	 0.95	 0.77	 67.80	 84.00	 PD‑L1+low

14	 41	 M	 Tongue	 T2N0M0	 0.98	 58.10	 0.88	 0.55	 89.00	 35.60	 PD‑L1+low

15	 68	 F	 Mandibular	 T2N0M0	 1.16	 44.90	 1.05	 1.17	 56.80	 75.10	 PD‑L1+low

16	 64	 M	 Palate	 T2N0M0	 2.10	 29.00	 1.89	 1.12	 81.40	 99.00	 PD‑L1+low

17	 87	 M	 Buccal	 T2N0M0	 1.36	 72.60	 1.23	 0.73	 37.20	 39.70	 PD‑L1+high

18	 66	 F	 Buccal 	 T2N0M0	 3.09	 44.40	 2.78	 2.59	 67.40	 1.50	 PD‑L1+high

19	 72	 F	 Mouth floor	 T2N2bM0	 2.62	 29.20	 2.36	 2.42	 71.00	 4.70	 PD‑L1+high

20	 83	 F	 Maxilla	 T2N2bM0	 2.13	 135.10	 1.92	 1.28	 86.40	 91.40	 PD‑L1+high

21	 76	 F	 Maxilla	 T3N0M0	 0.56	 101.80	 0.50	 0.34	 30.20	 93.10	 PD‑L1‑

Mean	 64				    1.45	 64.79	 1.31	 0.97	 51.92	 61.45	
SD	 13				    0.64	 27.26	 0.57	 0.57	 24.65	 34.97	
Median 	 65				    1.19	 59.90	 1.07	 0.80	 49.25	 75.10	

DCE‑MRI, dynamic contrast‑enhanced magnetic resonance imaging; MVD, microvessel density; VEGF, vascular endothelial growth factor; 
PD‑L1; programmed death ligand‑1; PD‑L1‑, negative PD‑L1; PD‑L1+low, low‑positive PD‑L1; PD‑L1+high, high‑positive PD‑L1; M, male; 
F, female; SD, standard deviation.
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MVD staining patterns are presented in Fig. 2. CD31‑positive 
microvessels were observed in the cancer stromal area. 
Microvessels were either narrow without a lumen or rounded 
with a lumen. The mean MVD was discovered to be 
51.92±24.65 (range, 5.20‑89.00). The median MVD, which 
was used to divide the patient cohort into low (n=10) and high 
(n=11) MVD groups, was 49.25 (Table I).

According to the previously outlined criteria, the patient 
cohort was divided into negative (n=9), low‑positive (n=6) and 
high‑positive (n=6) PD‑L1 expression groups. Representative 
samples of negative, low‑positive and high‑positive PD‑L1 
staining patterns are presented in Fig. 3. The results demon‑
strated that PD‑L1 was expressed in the membrane and 
cytoplasm of cancer cells. In particular, PD‑L1 expression was 
higher in the cytoplasm of the high‑positive PD‑L1 expression 
group compared with that in the other groups. The PD‑L1 
expression levels in each patient are seen in Table I.

Analysis of DCE‑MRI parameters and histopathological 
findings. The correlations between the DCE‑MRI parameters 
and histopathological findings are shown in Table  II. The 
MVD was found to be negatively correlated with the T‑max 
(r=‑0.61; P=0.003) and positively correlated with the CI‑gain 
(r=0.46; P=0.037). PD‑L1 expression was identified to be posi‑
tively correlated with the CI‑max (r=0.57; P=0.007), CI‑peak 
(r=0.57; P=0.007) and CI‑gain (r=0.58; P=0.006). PD‑L1 
expression was also discovered to be positively correlated with 
MVD (r=0.66; P=0.001).

The DCE‑MRI parameters according to the MVD levels 
are shown in Table  III and Fig.  4A. Comparison of the 
DCE‑MRI parameters according to the MVD levels showed 
that the mean CI‑max, CI‑peak and CI‑gain were higher in 
the high MVD tumors, whereas the T‑max was longer in the 

low MVD tumors. The differences in the CI‑gain and T‑max 
parameters between the two MVD groups were statistically 
significant (P<0.05 and P<0.01, respectively).

The DCE‑MRI parameters and MVD according to the 
PD‑L1 expression levels are shown in Table III and Fig. 4B. 
Comparison of the DCE‑MRI parameters according to 
the PD‑L1 expression levels showed that the mean CI‑max, 
CI‑peak and CI‑gain were highest in the tumors with 
high‑positive PD‑L1 expression, whereas the mean T‑max was 
longest in the tumors with negative PD‑L1 expression. The 
differences in CI‑max, CI‑peak and CI‑gain among the three 
PD‑L1 expression level groups were statistically significant 
(P<0.05), particularly between the tumors with negative and 
high‑positive PD‑L1 expression. The mean MVD was also 
highest in the tumors with high‑positive PD‑L1 expression, 
and differences in the mean MVD between the three PD‑L1 
expression level groups were statistically significant (P<0.05).

Analysis of VEGF expression. The median VEGF expression, 
which was used to divide the patient cohort into low (n=10) 
and high (n=11) VEGF expression groups, was 75.10 (Table I). 
Representative samples of low and high VEGF staining 
patterns are presented in Fig. S1. VEGF expression was not 
significantly correlated with the DCE‑MRI parameters; 
CI‑max (P=0.634), T‑max (P=0.946), CI‑peak (P=0.634) and 
CI‑gain (P=0.839). VEGF expression was also not signifi‑
cantly correlated with MVD (P=0.302) and PD‑L1 expression 
(P=0.513) (Table II).

Tumor recurrence. The association between PD‑L1 expres‑
sion and tumor recurrence was examined. Seventeen patients 
fulfilled the requirement of 5‑year follow‑up. The high‑positive 
PD‑L1 expression rate in patients with recurrence was 50%. The 

Figure. 2. Microvessel density in OSCC. (A‑E) Representative OSCC case with low microvessel density. (F‑J) Representative OSCC case with high microvessel 
density. (A, B, F and G) H&E staining. (C, D, E, H, I and J) Immunohistochemistry staining for CD31. The slides were examined at low and high magnifica‑
tions. Borders between Tu and St are shown using the dotted lines. Arrowheads indicate CD31‑positive microvessels. Scale bar=1 mm in A, C, F and H. Scale 
bar=200 µm in B, D, G and I. Scale bar=100 µm in E and J. OSCC, oral squamous cell carcinoma; Tu, tumor; St, stroma; H&E, hematoxylin and eosin.
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recurrence rate in patients with high‑positive PD‑L1 expres‑
sion was 80%. However, the association was not statistically 
significant (P=0.165 via Fisher's exact test) (Table SI).

Discussion

The present study aimed to investigate the correlations between 
DCE‑MRI parameters and histopathological parameters in 
patients with OSCC. The results demonstrated significant 
correlations among various DCE‑MRI parameters, MVD and 
PD‑L1 expression.

The implementation of functional imaging modali‑
ties, including DCE‑MRI, in clinical practice has led to an 
increased number of studies investigating the potential of 
these modalities in the assessment of histopathological param‑
eters. DCE‑MRI reflects tissue perfusion and vascularization 
and is presumed to be based on tissue composition parameters, 
such as cellularity and vascular density (18). Previous studies 
have investigated the findings obtained from DCE‑MRI in 
various types of cancer; however, only a few studies have to 
date assessed the correlation between DCE‑MRI findings and 
the histopathological parameters in HNSCC and OSCC in 
particular (9,18‑20).

Surov  et  al  (18,19) and Jansen  et  al  (20) evaluated 
DCE‑MRI perfusion and DCE‑MRI histogram‑based 

parameters in HNSCC. The results identified correlations 
between DCE‑MRI parameters and histopathological findings 
reflecting VEGF and Ki‑67 expression, MVD, cellularity and 
nucleic content. The results from these studies suggested that 
DCE‑MRI may be used to assess histopathological parameters 
in patients with HNSCC.

In the present study, quantitative DCE‑MRI parameters 
were derived from the SI and CI curves. Previous studies 
have reported the value of these SI‑ and CI‑based parameters 
in the identification of oral lesion characteristics, which can 
contribute to the diagnosis of oral lesions (21‑25). In a previous 
study evaluating quantitative DCE‑MRI CI‑based parameters 
in patients with OSCC, Unetsubo  et  al  (9) suggested that 
DCE‑MRI may be useful for the assessment of MVD, as a 
significant correlation was identified between CI‑gain and 
MVD. It is important to note that the present study was 
conducted using 3T MRI and analyzed CD31 expression via 
IHC, whereas Unetsubo et al (9) used 1.5T MRI and analyzed 
CD34 expression.

To interpret the MVD findings from the present study, 
the study population was categorized into low and high 
MVD groups based on the median MVD value. The results 
revealed that MVD was negatively correlated with the T‑max 
and positively correlated with the CI‑gain. These paradoxical 
observations in the correlations could be explained by the 

Figure. 3. PD‑L1 expression in oral squamous cell carcinoma. (A‑D) Negative PD‑L1 expression. (E‑H) Low‑positive PD‑L1 expression. (I‑L) High‑positive 
PD‑L1 expression. (A, C, E, G, I and K) H&E staining. (B, D, F, H, J and L) Immunohistochemistry staining for PD‑L1. Scale bar=1 mm in A, B, E, F, I and J. 
Scale bar=100 µm in C, D, G, H, K and L. PD‑L1, programmed death ligand‑1; H&E, hematoxylin and eosin.
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nature of the CI‑curve. For instance, the correlation between 
the high MVD and short T‑max suggests that in the presence 
of high blood flow, the contrast agent is rapidly circulated 
through the blood and absorbed; therefore, the time at which 
the contrast enhancement reaches its maximum amplitude is 
short. Conversely, the positive correlation between the high 
MVD and high CI‑gain indicates that in the presence of high 
blood flow, the gradient on the upslope phase of the enhance‑
ment curve is high. Furthermore, the findings from the present 
study supported the hypothesis that DCE‑MRI may be used 
to assess MVD and be able to distinguish tumors with low 
and high levels of angiogenesis (18). In fact, the comparison 
of MRI parameters according to the MVD revealed that 
the mean CI‑gain was significantly increased, while the 
mean T‑max was significantly shorter in high‑MVD tumors, 
suggesting that tumors with high levels of angiogenesis exhibit 
a higher and faster uptake of the contrast agent. These find‑
ings were consistent with a previous study reporting that 
intratumor angiogenesis can influence the enhanced patterns 
on the DCE‑MRI scan (9). DCE‑MRI may therefore represent 
a promising non‑invasive method for assessing angiogenesis in 
patients with OSCC. 

The present study also evaluated VEGF expression. The 
correlations between DCE‑MRI parameters and VEGF 
expression were found to be not statistically significant. The 
correlation between MVD and VEGF expression was also 
found to be not statistically significant, although MVD and 
VEGF expression exhibited similar tendency. Well‑defined 
markers of angiogenesis include microvessels stained with 
CD31 and VEGF (26). However, more than one factor is 
required to suggest an angiogenic response. Vessel matura‑
tion is a crucial factor for angiogenesis regulation (27). An 
indicative of vessel maturation is the presence of pericytes 
and of smooth muscle cells stained by α‑smooth muscle 
actin (α‑SMA) (27,28). VEGF is a positive regulator of peri‑
cyte function that has a potential role in the maintenance of 
mature blood vessels (28,29). However, CD31 is expressed 
in both mature and immature blood vessels  (28). These 
differences in expression between angiogenesis markers 
may explain the differences observed in correlations with 
DCE‑MRI parameters. Thus, a more thorough study may 
be required to further clarify the association between 
DCE‑MRI and angiogenesis using different markers (CD31, 
VEGF and α‑SMA).

Table II. Correlation between DCE‑MRI parameters and immunohistochemical findings.

Variables	 MVD (n=21)	 PD‑L1 (n=21)	 VEGF (n=21)

DCE‑MRI parameters			 
  CI‑max 	 0.20 (P=0.373)	 0.57 (P=0.007)a	 ‑0.11 (P=0.634)
  T‑max	 ‑0.61 (P=0.003)a	 ‑0.42 (P=0.055)	 ‑0.02 (P=0.946)
  CI‑peak 	 0.20 (P=0.373)	 0.57 (P=0.007)a	 ‑0.11 (P=0.634)
  CI‑gain 	 0.46 (P=0.037)a	 0.58 (P=0.006)a	 ‑0.05 (P=0.839)
IHC staining			 
  MVD 	 ‑	 0.66 (P=0.001)a	 0.24 (P=0.302)
  PD‑L1 	 0.66 (P=0.001)a	 ‑	 ‑0.15 (P=0.513)

Correlation given by Spearman-Rho test. aP<0.05. DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging; MVD, microvessel 
density; PD-L1, programmed death ligand-1; VEGF, vascular endothelial growth factor; IHC, immunohistochemistry.

Table III. DCE‑MRI parameters and immunohistochemical findings according to the microvessel density and PD‑L1 expression.

	 All patients	 MVD, low	 MVD, high		  PD‑L1‑,	 PD‑L1+low,	 PD‑L1+high,	
Variables	 (n=21)	 (n=10)	 (n=11)	 P‑valuea	 (n=9)	 (n=6)	 (n=6)	 P‑valueb

DCE‑MRI parameters
  CI‑max 	 1.45	 1.18	 1.70	 P=0.38	 1.10	 1.32	 2.11	 P<0.05 (P<0.05c)
  T‑max	 64.79	 76.85	 53.82	 P<0.01	 75.66	 51.55	 61.72	 P=0.07
  CI‑peak 	 1.31	 1.06	 1.53	 P=0.38	 0.99	 1.19	 1.90	 P<0.05 (P<0.05c)
  CI‑gain 	 0.97	 0.71	 1.22	 P<0.05	 0.70	 0.83	 1.53	 P<0.05 (P<0.05c)
IHC staining
  MVD 	 51.92	 ‑	 ‑		  34.67	 61.51	 68.20	 P<0.05 (P<0.05c)

The data are presented as the means. aMVD low vs. MVD high via Mann‑Whitney U test. bPD‑L1‑ vs. PD‑L1+low vs. PD‑L1+high via Kruskal‑Wallis 
test; cPD‑L1‑ vs. PD‑L1+high via Dunn's test. P<0.05 was considered statistically significant. DCE‑MRI, dynamic contrast‑enhanced magnetic 
resonance imaging; MVD, microvessel density, PD‑L1, programmed death ligand‑1; PD‑L1‑, negative PD‑L1; PD‑L1+low, low‑positive PD‑L1; 
PD‑L1+high, high‑positive PD‑L1; IHC, immunohistochemistry.

https://www.spandidos-publications.com/10.3892/ol.2021.13039
https://www.spandidos-publications.com/10.3892/ol.2021.13039
https://www.spandidos-publications.com/10.3892/ol.2021.13039
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Highly promising immunotherapies have recently emerged, 
of which the most prominent subtype is ICIs that target the 
PD‑1/PD‑L1 signaling pathway. The binding of PD‑1 to its 
major ligands, PD‑L1 and PD‑L2, releases inhibitory cyto‑
kines that inhibit T‑cell activation and proliferation (8,30). 
PD‑1/PD‑L1‑targeting ICIs disrupt this interaction and allow 
for immune system recognition, activation and destruction of 
tumor cells (8).

The first immunotherapy approved for use in HNSCC 
was granted in 2016. Several ICIs have since been trialed, of 
which the two most extensively studied are pembrolizumab 
and nivolumab, which were found to induce considerable 
and durable responses (1). PD‑L1 expression is often used 

as a prognostic and predictive marker of the response to 
PD‑1/PD‑L1 ICIs. Previous evidence has shown that PD‑L1 
positivity is associated with clinical benefits and improved 
responses and outcomes (8). Furthermore, high‑positive PD‑L1 
expression is a poor prognostic marker in OSCC (30). Due to 
the reported correlations between DCE‑MRI parameters and 
MVD and between PD‑L1 and MVD (9,11), the present study 
investigated the potential correlations between DCE‑MRI 
parameters and PD‑L1 expression.

A previous study reported that PD‑L1 expression is upreg‑
ulated in 18‑96% of OSCC cases (5). This high variability in 
expression is due to numerous factors, such as intratumor and 
intertumor heterogeneity, differences in study populations and 

Figure. 4. DCE‑MRI parameters and histopathological findings. (A) DCE‑MRI parameters according to the MVD levels. *P<0.05, **P<0.01 via U‑Mann 
Whitney test. (B) DCE‑MRI parameters and MVD according to the PD‑L1 expression levels. *P<0.05 via Kruskal‑Wallis test; #P<0.05 via Dunn's test. PD‑L1, 
programmed death ligand‑1; DCE‑MRI, dynamic contrast‑enhanced magnetic resonance imaging; CI, contrast index; MVD, microvessel density.
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differences in methodology (including different assays used 
for determining PD‑L1 expression, different scoring systems 
and different cutoff values for positive expression) (4,8). As the 
TPS reflects PD‑L1 expression on cancer cells themselves, but 
not that of immune cells, this scoring method was used in the 
present study, with a TPS of 1% selected as the positivity cutoff 
value. Using these parameters, the present study demonstrated 
that PD‑L1 was upregulated in 57.1% of OSCC cases.

In a recent preliminary study, Meyer et al  (31) investi‑
gated the correlation between DCE‑MRI histogram‑based 
parameters and PD‑L1 expression. The results identified 
some correlations between the histogram parameters, the 
immune cell score and the combined cell score, but not with 
the TPS (31). However, by using DCE‑MRI SI‑ and CI‑based 
parameters, the present study identified correlations with 
PD‑L1 expression using the TPS. The CI‑max, CI‑peak and 
CI‑gain were found to be positively correlated with PD‑L1 
expression. These findings suggested that the high and rapid 
uptake of the contrast agent may reflect the high levels of 
PD‑L1 expression, thus confirming the hypothesis that PD‑L1 
expression may be actually reflected in the CI curve.

To further understand the correlations between DCE‑MRI 
parameters and PD‑L1 expression, the present study analyzed 
the DCE‑MRI parameters in three different PD‑L1 expres‑
sion groups. The tumors with high‑positive PD‑L1 expression 
showed the highest mean CI‑max, CI‑peak and CI‑gain, whereas 
tumors with negative PD‑L1 expression showed the longest 
T‑max. These findings suggested that a higher number of tumor 
cells expressing PD‑L1 may increase the likelihood of the CI 
curve to show a high and rapid uptake pattern. In particular, 
significant differences in these parameters were found between 
the tumors with negative and high‑positive PD‑L1 expression. 
These findings indicated that DCE‑MRI SI‑ and CI‑based 
parameters may be useful for distinguishing tumors with nega‑
tive PD‑L1 expression from tumors with high‑positive PD‑L1 
expression. In addition, the results from the present study 
revealed that MVD and PD‑L1 expression were strongly posi‑
tively correlated in OSCC. Similar to the DCE‑MRI findings, 
tumors with high‑positive PD‑L1 expression showed the highest 
mean MVD among the three expression level groups. Current 
evidence of the association between PD‑L1 expression and 
MVD has not been well documented and previous reports have 
produced conflicting results. For example, Yugawa et al (32) 
demonstrated the absence of correlation between MVD and 
PD‑L1 expression in cancer cells using a positivity cutoff of 
1%. Franz et al (33) reported that PD‑L1 expression using the 
combined positive score is negatively correlated with MVD 
in patients with laryngeal carcinoma. However, Koh et al (11) 
demonstrated that PD‑L1‑positive tumors are positively 
correlated with hypoxia‑inducible factors signaling pathway 
including MVD in patients with classical Hodgkin lymphoma. 
The present study reported similar findings to the latter, indi‑
cating that tumors with high levels of angiogenesis may tend to 
contain a higher number of tumor cells expressing PD‑L1. The 
detailed mechanism underlying the interaction between angio‑
genesis and PD‑1/PD‑L1 signaling pathways should therefore 
be further investigated in future studies.

The results from the present study were consistent with the 
findings from previous studies demonstrating that DCE‑MRI 
might be able to predict the response to anti‑angiogenic 

therapy (18). Furthermore, the present findings indicated that 
using DCE‑MRI to identify tumors with high‑positive PD‑L1 
expression (which seemingly have a more favorable response 
to ICIs) may predict the therapeutic effect and outcome of such 
immunotherapies. DCE‑MRI may also help improving patient 
selection by identifying patients who are most likely to benefit 
from the treatment.

The results from the present study were preliminary and 
further studies should be performed on larger patient popula‑
tions to validate these findings. Furthermore, configuration of 
the ROI for T4 tumors has proven to be difficult. Therefore, 
DCE‑MRI assessment of PD‑L1 expression may only be 
beneficial for T1, T2 and T3 tumors according to the TNM 
classification. Finally, although PD‑L1 has shown clinical value 
as a biomarker, it does not fully predict the response to ICIs. 
Thus, the assessment of PD‑L1 expression using DCE‑MRI 
should solely be performed as an adjunctive examination.

In summary, the findings from the present study indicated 
that the CI parameters derived from DCE‑MRI may be associ‑
ated with PD‑L1 expression on tumor cells. A high and rapid 
uptake pattern of the CI curve was found to be significantly 
correlated with high‑positive PD‑L1 expression. Therefore, 
these findings suggested that DCE‑MRI may be considered as 
a valuable non‑invasive method for assessing PD‑L1 expres‑
sion and the therapeutic efficacy of ICIs in patients with OSCC.
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