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Depth of response may predict
clinical outcome in patients
with recurrent/metastatic
head and neck cancer treated
with pembrolizumab-
containing regimens
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Background: Pembrolizumab-containing regimens are standards of care for

recurrent and metastatic head and neck squamous cell carcinoma (R/M HNSCC).

The depth of response (DpR) predicts the survival of patients with several types of

solid cancers; however, its association with the survival outcomes of patients

with R/M HNSCC treated with pembrolizumab-containing regimens remains

unclear.

Methods: This study included 66 patients with R/M HNSCC who received a

pemblolizumab-containing regimen as a first-line therapy at Tohoku University

Hospital, Sendai, Japan. The patients’ characteristics, combined positive score,

baseline tumor size, tumor response, DpR, overall survival (OS), progression-free

survival (PFS), PFS2, and adverse events were reviewed. The associations

between DpR and survival outcomes were analyzed.

Results: The 1 year-OS and 1 year-PFS rates of pembrolizumab-containing

regimens were 69.4% and 24.4%, respectively. The response rate was 28.8%.

The mean and median values of tumor change from baseline were 5.1% and

−9.0%. In the correlation analysis, a significant negative correlation was observed

between tumor change rate from baseline and survival outcomes (OS: r= −0.41,

p=0.0017; PFS: r=−0.49, p<0.001). In the multivariate analysis, DpR with tumor

change of ≤−45 was associated with better OS and PFS.

Conclusion: DpR induced by pembrolizumab-containing regimens may be a

predictive factor for OS and PFS in patients with R/M HNSCC.

KEYWORDS

immune check point inhibitor, pembrolizumab, head and neck cancer, depth of
response, predictive factor
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1 Introduction

Immune checkpoint inhibitors (ICIs) play a crucial role in the

treatment of many types of cancer, including recurrent and

metastatic head and neck squamous cell carcinoma (R/M

HNSCC) (1). Pembrolizumab is a monoclonal antibody that

targets programmed cell death protein 1 (PD-1), expressed in

immune cells. In the tumor immune microenvironment, PD-1

interacts with programmed death ligand-1 (PD-L1), expressed on

cancer cells, enabling them to evade the immune system (2).

Pembrolizumab disrupts the interaction between PD-1 and PD-

L1, leading to an antitumor effect through reactivation of the

immune system. Pembrolizumab, with or without chemotherapy,

is the standard first-line treatment for R/M HNSCC based on the

results of the KEYNOTE-048 study (3). Recently, it has been

reported pembrolizumab-containing regimens provided a survival

benefit of over 4 years in an updated analysis of the KEYNOTE-048

study (4). A subgroup analysis performed in the KEYNOTE-048

study showed that the PD-L1 combined positive score (CPS) was

useful in predicting the efficacy of pembrolizumab-containing

regimens (5). However, the exploration of additional predictive

biomarkers is necessary for appropriate use of pembrolizumab-

containing regimens and establishing overall treatment strategies

for R/M HNSCC.

The depth of response (DpR) represents the percentage of

tumor shrinkage observed at the nadir compared with the

baseline. DpR was initially reported as a surrogate marker of

survival in metastatic colorectal cancer (6). Since then, the

correlation between DpR and survival benefits has been

investigated in other types of cancers, such as melanoma, lung,

gastric, breast, and pancreatic cancers (7, 8). However, in R/M

HNSCC, the association of DpR and pembrolizumab regimens with

survival outcomes remains unclear.

Hence, we retrospectively reviewed the clinical records of

patients with R/M HNSCC who received a pembrolizumab-

containing regimen in our institute and analyzed the association

between DpR and survival outcomes. This study is the first to

document the association of DpR upon administration of a

pembrolizumab-containing regimen with the clinical survival of

patients with R/M HNSCC.
2 Materials and methods

2.1 Patients and study design

We retrospectively identified 66 patients with R/M HNSCC who

received pembrolizumab, with or without chemotherapy, as first-line

therapy at Tohoku University Hospital, Sendai, Japan. Data on age,

sex, Eastern Cooperative Oncology Group (ECOG) performance

status (PS), primary site, p16 status in oropharyngeal cancer,

metastatic sites, CPS in tumor tissue, overall survival (OS),

progression-free survival (PFS), progression-free survival from first

line on second-line therapy (PFS2), target lesions, response, and

adverse events (AEs) were collected. The target lesions and treatment

response were evaluated according to the Response Evaluation
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Criteria in Solid Tumors (RECIST) version 1.1. The target lesions

were set to maximum of five total, including maximum of two per

organ. Lymph nodes with a short diameter of less than 10 mm on

computed tomography were considered normal. Baseline tumor size

was quantified as the sum of the diameters of target lesions (9). Based

on the target lesions, tumor change rate was calculated. DpR was

defined as the best tumor change rate observed at any time point

during the first-line therapy. The AEs were evaluated and graded

according to the National Cancer Institute Common Terminology

Criteria for Adverse Events version 5.0. PD-L1 expression was

determined immunohistochemically using surgically resected or

biopsied formalin-fixed paraffin-embedded tissues. CPS was

calculated as the number of PD-L1-stained cells among tumor cells,

lymphocytes, and macrophages divided by the total number of tumor

cells and multiplied by 100 (10). This study was approved by the

Ethics Committee of the Faculty of Medicine of the Tohoku

University School of Medicine (approval no. 2021-1-351) and

conducted in accordance with the ethical standards described in

the Declaration of Helsinki. Patient consent for this study was

obtained using the opt-out method.
2.2 Treatment regimen

In the pembrolizumab with chemotherapy and pembrolizumab

alone regimens, pembrolizumab (200 mg) was administered once

every 3 weeks. The chemotherapy regimen combined with

pembrolizumab consisted of 5-fluorouracil (continuous infusion

of 1,000 mg/m2 per day for four days) and either cisplatin (100 mg/

m2 on day 1) or carboplatin (area under the curve of 5 mg/m2 on

day 1) every 3 weeks. In the pembrolizumab with chemotherapy

regimen, sequential maintenance therapy with pembrolizumab (200

mg) every 3 weeks was planned after six courses of pembrolizumab

plus a chemo-combination phase.
2.3 Statistical analyses

OS and PFS were estimated using the Kaplan-Meier method

and compared using log-rank tests, with p<0.05 considered

statistically significant. The correlations between DpR and

survival time and between DpR and baseline tumor size were

estimated using the Pearson correlation coefficient. In the

contingency table, statistical significance was evaluated using

Fisher’s exact test. All statistical analyses were performed using

the JMP Pro15 software (SAS Institute Inc., Cary, NC, USA).
3 Results

3.1 Patients’ clinical characteristics

The patients’ characteristics are presented in Table 1. The

median patient age was 69 years (range: 21–88). The patients

were predominantly male (n=52, 78.8%). The majority of the

patients had an ECOG PS of 0 or 1 (n=57, 86.4%). The median
frontiersin.org
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baseline tumor size was 31mm. The CPS was ≥20 in 34 patients

(51.5%), ≥1 in 55 (83.3%), <1 in 5 (7.6%); meanwhile, the CPS was

not evaluated in 6 patients (9.1%). The primary sites were the oral

cavity in 26 patients (39.4%), hypopharynx in 22 (33.3%),

oropharynx in 7 (10.6%), larynx in 3 (4.5%), nasopharynx in 3

(4.5%), maxillary sinus in 1 (1.5%), nasal cavity in 1 (1.5%), and

unknown in 3 (4.5%). Among 7 patients with oropharyngeal cancer,

four had a p16-positive status. The metastatic sites were the lungs in

24 patients (36.4%), lymph nodes in 35 (53.0%), liver in 3 (4.5%),

and bone in 10 (15.2%); local recurrence was reported in 17 patients

(25.8%). With regard to the treatment regimen, 40 patients received

pembrolizumab with chemotherapy, while 26 received

pembrolizumab alone. Of the 40 patients who received

pembrolizumab in combination with chemotherapy, 38 (95.0%)

received carboplatin-based chemotherapy. Only two patients

received cisplatin-based chemotherapy. All patients with a CPS of

<1 received pembrolizumab with chemotherapy. At the time of

analysis, subsequent anticancer therapy was received by 33 (50.0%)

patients. The most common subsequent regimen was cetuximab

plus paclitaxel received by 23 (34.8%).
3.2 Treatment efficacies of
pembrolizumab-containing regimens

The median OS was 20.8 months (95% CI: 14.2-not applicable),

and the 1 year-OS rate was 69.4% (Figure 1A). The median PFS was

5.9 months (95% CI: 5.2-7.2), and the 1 year-PFS rate was 24.4%

(Figure 1B). The OS and PFS of pembrolizumab with chemotherapy

and pembrolizumab alone are shown in Supplementary Figure 1. The

median OS and PFS of patients who received pembrolizumab with

chemotherapy were 20.8 (95% CI: 14.2-not applicable) and 6.3 (95%

CI: 5.3-8.1) months, respectively. The median OS was not reached,

while the median PFS was 5.2 (95% CI: 2.5-not applicable) months in

patients who received pembrolizumab alone. No complete responses

were observed. Partial responses were observed in 19 patients

(28.8%), followed by stable disease in 25 patients (37.9%), and
TABLE 1 Patient characteristics.

pembrolizumab-containing regimen

n=66

Age

median (range) 69 (21-88)

Sex, n (%)

male 55 (83.3)

female 11 (16.6)

ECOG PS, n (%)

0 19 (28.8)

1 38 (57.6)

2 8 (12.1)

3 1 (1.5)

Baseline tumor size, mm

median (range) 31 (9-144)

CPS, n (%)

≥20 34 (51.5)

≥1 55 (83.3)

<1 5 (7.6)

NE 6 (9.1)

Primary site, n (%)

oral cavity 26 (39.4)

hypopharynx 22 (33.3)

oropharynx 7 (10.6)

P16 positive 4 (6.1)

larynx 3 (4.5)

nasopharynx 3 (4.5)

maxillary sinus 1 (1.5)

nasal cavity 1 (1.5)

unknown primary 3 (4.5)

metastaic site n, (%)

lung 24 (36.4)

lymph node 35 (53)

liver 3 (4.5)

bone 10 (15.2)

locoregional 17 (25.8)

regimen n, (%)

pembrolizumab alone 26 (39.4)

pembrolziumab with chemotherapy 40 (60.6)

5FU + cisplatin 2 (3.1)

5FU + carboplatin 38 (57.5)

(Continued)
TABLE 1 Continued

pembrolizumab-containing regimen

n=66

subsequent therapy n, (%) 47 (71.2)

anticancer therapy 33 (50.0)

cetuximab + paclitaxel 23 (34.8)

paclitaxel 4 (6.1)

docetaxel 2 (3.0)

cetuximab + 5FU + cisplatin 2 (3.0)

5FU + cisplatin 1 (1.5)

clinical trial 1 (1.5)

best supportive care 14 (21.2)
fro
OS, overall survival; PFS, progression free survival; HR, hazard ratio; CI, confidence interval;
PS, performance status; CPS, combined positive score; NE, not evaluated.
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progressive disease in 13 patients (19.7%). The response rate was

28.8%. The disease control rate was 66.7%. The maximal tumor

changes from the baseline are shown in a waterfall plot in Figure 2A.

The mean tumor change rates for the total pembrolizumab-

containing regimen, pembrolizumab with chemotherapy, and

pembrolizumab alone were 5.1%, −18.8%, and 44.9%, respectively.

The median time to response was 2.0 months (95% CI: 1.8-2.5). The

median time to best response for the measurement of DpR was 2.8

(95% CI: 1.9-4.7) months. The median duration of response was 5.5

months (95% CI: 3.2-9.5) months. A correlation analysis was

performed to verify the correlation between tumor change rates

and baseline tumor size. As a result, no significant correlation was

observed (p=0.160) (Figure 2B).
3.3 Correlation between DpR and
survival outcome

Figure 3 shows the correlation between tumor changes from the

baseline and survival outcomes. In all patients treated with the

pembrolizumab-containing regimen, a significant negative

correlation was found between tumor changes and survival

outcomes (OS: r=−0.41, p=0.0017; PFS: r=−0.49, p<0.001)

(Figures 3A, B). In patients who received pembrolizumab with

chemotherapy, a minor negative correlation was observed between

tumor changes and OS (r=−0.35, p=0.037), while a negative

correlation was observed between tumor changes and PFS (r=

−0.59, p<0.001) (Supplementary Figures 2A, B). In patients who

received pembrolizumab alone, a negative correlation was observed

between OS (r=−0.47, p=0.030) and PFS (r=−0.62, p=0.030)

(Supplementary Figures 2C, D). Thus, a deeper response to the

pembrolizumab regimen was significantly associated with better

survival outcomes.
3.4 Univariate and multivariate analyses

Univariate and multivariate analyses of the OS and PFS were

performed (Table 2). In the univariate analysis of OS, an ECOG PS
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score of 0, the presence of distant metastasis, and a tumor change

rate of −45% or less were significantly associated with better OS.

The hazard ratio values gradually decreased as the tumor shrinkage

rate increased. Baseline tumor sizes with a continuous value and

with a cutoff of 31 mm (median value) were not associated with OS.

CPS with cut-off values of 1 and 20, primary sites, and occurrence of

severe AEs were also not associated with OS. Locoregional

recurrence was associated with a worse OS. In the multivariate

analysis including three explanatory variables such as PS, baseline

tumor size, and DpR, only DpR with a tumor change of −45% or

less was a significant predictor of better OS. As for PFS, a tumor

change of 0% to −15% and a change of −45% or less were associated

with better PFS in the univariate analysis. Locoregional recurrence

was associated with a worse PFS. In the multivariate analysis, the

tumor change of −45% or less was an independent predictor of

better PFS. Kaplan–Meier analysis revealed that the OS and PFS

were significantly longer in patients with a DpR of tumor change of

−45% or less (Figures 4A, B). Moreover, no events were observed in

the OS analysis of these patients (Figure 4A). These results indicate

that a DpR of tumor change of −45% or less could be an

independent surrogate marker for better OS and PFS in patients

with R/M HNSCC treated with a pembrolizumab-containing

regimen. Also by RECIST-based assessment, patients who

achieved partial response showed significant better OS and PFS

compared with patients who had stable disease or progressive

disease (Figures 4C, D). However, even among patients who

achieved partial response based on RECIST (Supplementary

Figure 3A), those with deep response of a tumor change of −45%

or less had significantly better OS than those with moderate

response with a tumor change of −30 to <−45% (median not

reached vs. 16.3 months, p=0.013) (Supplementary Figure 3B).

Among patients who had progressive disease based on RECIST,

the median OS for those with tumor change from >20 to ≤80% and

>80% were 22.0 and 5.6 months, respectively (hazard rate 0.19,

p=0.104) (Supplementary Figures 3C, D). Although there was no

statistical significance, there was a tendency that patients with

progression greater than 80% tumor change rate had a worse

prognosis when compared with patients with moderate

progression. These data show that DpR may be a more accurate
BA

FIGURE 1

Kaplan–Meier survival curves for OS and PFS. (A, B) Kaplan–Meier curves for the OS (A) and PFS (B) of the pembrolizumab-containing regimen.
Pembrolizumab-containing regimens included both pembrolizumab with chemotherapy and pembrolizumab alone.
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predictor of the clinical outcome than the RECIST-based

assessment of response.
3.5 Adverse events

The AEs are summarized in Table 3. AEs of any grade occurred

in 54 patients (81.8%). Severe AEs were observed in 22 (33.3%)

patients. The profile of the immune-related AEs was similar to that

reported in the KEYNOTE-048 study (3). As shown in Table 2, the

occurrence of grade 3 or higher AEs was not associated with the OS

or PFS in the univariate and multivariate analyses.
Frontiers in Oncology 05
3.6 Treatment efficacies of subsequent
anticancer therapy

As shown in Table 1, 33 (50.0%) patients received subsequent

anticancer therapy and 14 (21.2%) patients received best supportive

care. The analysis of PFS2 was conducted in the 33 patients who

received second-line anticancer therapy. The median PFS2 was 13.9

months (Supplementary Figure 4A). Of these, 23 patients who

received cetuximab plus paclitaxel also had a median PFS2 of 13.9

months. The overall response rate for all 33 patients and for the 23

patients who received cetuximab plus paclitaxel was 51.5% and

65.2%, respectively (Supplementary Table 1). The transition rate to
B

A

FIGURE 2

Waterfall plot of tumor measurements. (A) The maximal change rate in the tumor from the baseline after treatment with pembrolizumab plus
chemotherapy (red) or pembrolizumab alone (blue) is shown. Tumor changes were evaluated according to the RECIST version 1.1. Patients without
tumor response evaluation were excluded. (B) The correlation between maximal tumor change from baseline and baseline tumor size was estimated
by the Pearson correlation coefficient. Baseline tumor size was quantified as the sum of the length diameters of RECIST target lesions.
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second-line anticancer therapy represents the percentage of patients

who receive second-line anticancer therapy after first-line therapy

discontinuation. The transition rate to second-line anticancer

therapy was 70.2% in this study (Supplementary Table 1). PFS2,

response rate, and the transition rate to second-line anticancer

therapy were evaluated by the DpR to first-line pembrolizumab-

containing regimens. The DpR to the first-line therapy was not

associated with PFS2 (Supplementary Figure 4B) or response to

second-line therapy, but tended to be associated with transition rate

to second-line anticancer therapy (Supplementary Table 1). Patients

with tumor shrinkage in first-line therapy tended to have a higher

rate of transition to second-line anticancer therapy (81.4% vs.

55.0%, p=0.05). The 33 patients who received second-line

anticancer therapy had significantly better OS than 14 patients

who received best supportive care (hazard rate 0.23, p=0.0007)

(Supplementary Figure 4C). Patients who achieve a response to

first-line therapy have a higher rate of transition to second-line

therapy, which may also contribute to longer survival.
4 Discussion

The predictive value of DpR for HNSCC has not yet been

reported. In the present study, we focused on investigating the

effects of DpR on the survival of patients with R/M HNSCC

receiving pembrolizumab-containing regimens.

The pembrolizumab-containing regimen had a favorable

survival benefit with a 1 year-OS rate of 69.4% and a 1 year-PFS

rate of 24.4% (Figure 1). These results are comparable to previously

reported real-world data in Japanese patients (11, 12). Evaluation of

the DpR using a waterfall plot showed that pembrolizumab with

chemotherapy resulted in a better response compared with

pembrolizumab alone (Figure 2). The median time to response

was 2.0 months. The median time to best response for the

measurement of DpR was 2.8 months. The time to response was

almost equal to that of the KEYNOTE048 study (5). The DpR to

pembrolizumab-containing regimens was correlated with both OS

and PFS (Figure 3). Even if a separate analysis was performed for

pembrolizumab with chemotherapy and pembrolizumab alone,
Frontiers in Oncology 06
significant correlations were still observed between DpR and

survival (Supplementary Figure 2). In the multivariate analysis, a

deep response with a change of −45% or greater was an independent

predictive factor for OS and PFS (Table 2). Although the association

between response based on the RECIST criteria and survival has

been reported (12), this study is the first to report an association

between DpR and survival following pembrolizumab-containing

regimens in patients with R/M HNSCC. In addition, our results

show that DpR may be able to predict survival outcomes more

precisely than responses evaluated based on RECIST

(Supplementary Figure 3).

As for other ICI regimens, the efficacy of nivolumab has been

associated with pre-treatment tumor size in patients with previously

treated R/M HNSCC (13). In that study, tumor size was assessed

including all measurable lesions (not based on RECIST) (13). In

some cases, use of the RECIST criteria is not sufficient to accurately

determine the tumor volume, owing to the limited number of target

lesions in a single organ and exclusion of small lymph nodes with a

diameter of <10 mm from the criteria (9). That may be why baseline

tumor size was not associated with OS or PFS in this study

(Table 2). DpR may compensate for the insufficiency of RECIST-

based evaluation of baseline tumor size in predicting survival

outcome. Other reports have suggested that ICIs can exert long-

lasting effects when the tumor volume in patients with lung cancer

and melanoma is small (14, 15). Our results are consistent with

those of previous studies. A deep response to first-line therapy

reduces the tumor volume, thus increasing the efficacy of ICIs.

In this study, the CPS was not associated with OS or PFS

(Table 2). We assume that this is due to the appropriate selection of

treatment regimens based on the CPS. All CPS-negative patients

received pembrolizumab with chemotherapy, not pembrolizumab

alone. Locoregional recurrence was a poor predictive factor in the

univariate analyses of OS and PFS (Table 2). A subgroup analysis of

OS in the KEYNOTE-048 study also demonstrated the favorable

effect of pembrolizumab in patients with metastatic disease rather

than in those with locoregional recurrence (4). Locoregional

recurrence can induce the occurrence of symptoms that impair

the quality of life and PS and sometimes leads to fatal events, such as

bleeding and choking (16). For patients with locoregional
BA

FIGURE 3

Estimated correlation between maximal tumor change from the baseline and clinical outcome. Correlation of tumor changes following treatment
with the pembrolizumab-containing regimen with OS (A) and PFS (B).
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TABLE 2 Univariate and multivariate analysis of pembrolizumab-containig regimen (n=66).

n

OS PFS

HR (95% CI)
p-value

HR (95% CI)
p-value

univariate multivariate univariate multivariate

Age

< 65 20 1 reference 1 reference

≥ 65 46 1.41 (0.56-3.55) 0.456 1.15 (0.59-2.22) 0.6699

Sex

female 11 1 reference 1 reference

male 55 0.81 (0.30-2.16) 0.676 1.64 (0.63-4.21) 0.3029

ECOG PS

≥ 1 47 1 reference 1 reference

0 19 0.37 (0.16-0.84) 0.0184 0.089 0.59 (0.32-1.10) 0.1005 0.542

Primay site

oral cavity

no 40 1 reference 1 reference

yes 26 1.71(0.75-3.78) 0.192 1.12(0.58-2.02) 0.721

pharynx (hypopharynx, oropharinx)

no 37 1 reference 1 reference

yes 29 1.18(0.53-2.61) 0.844 1.01(0.54-1.86) 0.966

Baseline tumor size

continuous value 66 0.693 0.745 0.083 0.253

≤ 31 34 1 reference 1 reference

> 31 32 0.58(0.24-1.29) 0.195 0.56(0.29-1.03) 0.066

CPS

< 1 or unknown 11 1 reference 1 reference

≥ 1 55 0.64 (0.26-1.95) 0.408 1.57(0.66-4.60) 0.322

< 20 or unknown 32 1 reference 1 reference

≥ 20 34 1.12 (0.51-2.55) 0.765 1.16 (0.63-2.13) 0.6199

Locoregional recurrence

no 49 1 reference 1 reference

yes 17 2.32 (1.02-5.27) 0.0442 2.23 (1.12-4.46) 0.0222 0.307

Distant metastasis

no 15 1 reference 1 reference

yes 51 0.33 (0.14-0.76) 0.0095 0.49 (0.24-1.01) 0.051

Adverse event (≥Grade 3)

no 44 1 reference 1 reference

yes 22 2.08 (0.94-4.60) 0.0698 1.29 (0.42-2.43) 0.4298

Tumor change rate from base line

> 0% 30 1 reference 1 reference

(Continued)
F
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recurrence, alternative regimens such as cetuximab-containing

regimens may be suitable.

The median PFS2 in this study was 13.9 months, which was

better than the reported PFS2 for patients with CPS ≥ 20 in the
Frontiers in Oncology 08
KEYNOTE-048 study (4). The most common subsequent regimen

was cetuximab plus paclitaxel in this study. In contrast, cetuximab

was used in only about 20% of patients in the KEYNOTE-048 study

(4). This difference may have influenced the results. Interestingly,
TABLE 2 Continued

n

OS PFS

HR (95% CI)
p-value

HR (95% CI)
p-value

univariate multivariate univariate multivariate

≤ 0% to > -15% 11 0.75 (0.28-1.95) 0.5612 0.40 (0.17-0.91) 0.0235

≤-15% to > -30% 7 0.52 (0.11-2.30) 0.3915 0.47 (0.16-0.87) 0.1418

≤-30% to > -45% 6 0.35 (0.07-1.55) 0.1679 0.37 (0.12-1.11) 0.377

≤ -45% 12 NA (0-NA) <0.0001 0.0001 0.12 (0.04-0.39) 0.0003 0.0005
OS, overall survival; PFS, progression free survival; HR, hazard ratio; CI, confidence interval; PS, performance status; CPS, combined positive score; NA, Not Applicable.
Statistically significant values are highlighted in bold.
B

C D

A

FIGURE 4

Kaplan–Meier survival curves for OS (A) and PFS (B) according to the depth of response on the treatment with pembrolizumab-containing regimen.
Kaplan–Meier survival curves for OS (C) and PFS (D) according to RECIST-based criteria (PR vs. SD/PD). OS, overall survival; PR, partial response; SD,
stable disease; PD, progressive disease; HR, hazard ratio.
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the DpR in the first-line therapy was not associated with PFS2

(Supplementary Figure 4B), but tended to be associated with higher

transition rate to second-line anticancer therapy (Supplementary

Table 1). Future studies with larger numbers of patients are needed

to confirm the association.

This study has several limitations. First, this was a retrospective

study conducted in a single institution with a small number of

patients. In the subgroup analysis, the number of patients was even

smaller, which have limited the statistical power of the analysis.

Second, major analyses only examined the effects of pembrolizumab

regimens that included both pembrolizumab with chemotherapy

and pembrolizumab alone. Third, there was some bias in the

patients’ characteristics in this study. Patients in this study were

more likely to have distant metastases and older when compared to

previously reported real-world data (10, 12). The possibility that
Frontiers in Oncology 09
such bias may have affected treatment efficacy must be considered.

There was also a biased selection of the platinum agents. Most of

patients treated with pembrolizumab with chemotherapy received

carboplatin-based chemotherapy. Generally, carboplatin represents

a better tolerated alternative to cisplatin. Although the superior

survival with cisplatin over carboplatin was reported in the

EXTREME study, there have been no investigations on the choice

of the platinum agents in combination with pembrolizumab (17). In

the KEYNOTE-048 study, about 60% of patients received

carboplatin-based chemotherapy (3). For those reasons,

carboplatin was predominantly chosen in our institute.

In conclusion, the DpR induced by first-line pembrolizumab-

containing regimens may be a predictive factor for OS and PFS in

patients with R/M HNSCC. Hence, further research is warranted to

confirm whether the DpR in pembrolizumab treatment is

important in deciding the total treatment strategy for R/M HNSCC.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Ethics statement

This study was approved by the Ethics Committee of the Faculty

of Medicine of the Tohoku University School of Medicine. This

study was conducted in accordance with the local legislation and

institutional requirements. Written informed consent for

participation was not required from the participants or the

participants’ legal guardians/next of kin because this was a

retrospective study. Patient consent for this study was obtained

using the opt-out method. The ethics committee has approved this.
Author contributions

KSai contributed to the conception and design of the study. All

authors treated patients and collected clinical data. KSai, HI, and

KO conducted statistical analyses. KSai drafted the original

manuscript. CI reviewed the study. All authors contributed to the

article and approved the submitted version.
Conflict of interest

KSai received research funding from Eisai and Adlai Nortye.

MT received research funding from MSD, Ono pharmaceutical,

Chugai Pharmaceutical, Merck pharmaceutical, and Boehringer

Ingelheim. CI was funded by the Tokyo Cooperative Oncology

Group and obtained financial support from Chugai Pharmaceutical,

Taiho Pharmaceutical, Daiichi Sankyo Company, Asahi Kasei

Pharma, Bayer Yakuhin, Nippon Kayaku, and Takeda

Pharmaceutical; CI is a representative of the Tohoku Clinical
TABLE 3 Adverse events.

pembrolizumab-containing regimen n=66

Any grade Grade ≥3

Any n, (%) 54 (81.8) 22 (33.3)

Blood disorders

Neutropenia 16 (24.2) 8 (12.1)

Febrile neutropenia 1 (1.5) 1 (1.5)

Anemia 12 (18.2) 8 (12.1)

Thrombocytopenia 7 (10.6) 2 (3)

Endocrine disorders

Hypothyroidism 4 (6.1) 0

Hypopituitalism 3 (4.5) 0

Gastrointestinal disorder

Diarrhea 1 (1.5) 0

General disorders

Decreased appetite 12 (18.2) 4 (6.1)

Fatigue 3 (4.5) 2 (3)

Mucosal inflammation 10 (15.2) 2 (3)

Investigation

AST increased 2 (3) 0

Metabolism disorders

hypercalcemia 1 (1.5) 0

hyponatremia 1 (1.5) 0

nervous system disorder

Peripheral neuropathy 1 (1.5) 0

Respiratory disorder

Pneumonitis 9 (13.6) 3 (4.5)

Skin disorder

Rash 5 (7.6) 0
AST, aspartate aminotransfer.
frontiersin.org

https://doi.org/10.3389/fonc.2023.1230731
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Saijo et al. 10.3389/fonc.2023.1230731
Oncology Research and Education Society, a specified

nonprofit corporation.

The remaining authors declare that the research was conducted

in the absence of any commercial or financial relationships that

could be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Oncology 10
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1230731/

full#supplementary-material
References
1. Cavalieri S, Rivoltini L, Bergamini C, Locati LD, Licitra L, Bossi P. Immuno-oncology
in head and neck squamous cell cancers: News from clinical trials, emerging predictive
factors and unmet needs. Cancer Treat Rev (2018) 65:78–86. doi: 10.1016/j.ctrv.2018.03.003

2. Wei SC, Duffy CR, Allison JP. Fundamental mechanisms of immune
checkpoint blockade therapy. Cancer Discovery (2018) 8:1069–86. doi: 10.1158/2159-
8290.CD-18-0367

3. Burtness B, Harrington KJ, Greil R, Soulières D, Tahara M, de Castro G, et al.
Pembrolizumab alone or with chemotherapy versus cetuximab with chemotherapy for
recurrent or metastatic squamous cell carcinoma of the head and neck (KEYNOTE-
048): A randomised, open-label, phase 3 study. Lancet (2019) 394:1915–28.
doi: 10.1016/S0140-6736(19)32591-7

4. Harrington KJ, Burtness B, Greil R, Soulières D, Tahara M, de Castro G, et al.
Pembrolizumab with or without chemotherapy in recurrent or metastatic head and
neck squamous cell carcinoma: Updated results of the phase III KEYNOTE-048 study.
J Clin Oncol (2023) 41:790–802. doi: 10.1200/JCO.21.02508

5. Burtness B, Rischin D, Greil R, Soulières D, Tahara M, de Castro G, et al.
Pembrolizumab alone or with chemotherapy for recurrent/metastatic head and neck
squamous cell carcinoma in KEYNOTE-048: Subgroup analysis by Programmed death
ligand-1 combined positive score. J Clin Oncol (2022) 40:2321–32. doi: 10.1200/
JCO.21.02198

6. Heinemann V, Stintzing S, Modest DP, Giessen-Jung C, Michl M, Mansmann
UR. Early tumour shrinkage (ETS) and depth of response (DpR) in the treatment of
patients with metastatic colorectal cancer (mCRC). Eur J Cancer (2015) 51:1927–36.
doi: 10.1016/j.ejca.2015.06.116

7. Xie X, Li X, Yao W. A narrative review: Depth of response as a predictor of the
long-term outcomes for solid tumors. Transl Cancer Res (2021) 10:1119–30.
doi: 10.21037/tcr-20-2547

8. McCoach CE, Blumenthal GM, Zhang L, Myers A, Tang S, Sridhara R, et al.
Exploratory analysis of the association of depth of response and survival in patients
with metastatic non-small-cell lung cancer treated with a targeted therapy or
immunotherapy. Ann Oncol (2017) 28:2707–14. doi: 10.1093/annonc/mdx414
9. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: Revised RECIST guideline (version
1.1). Eur J Cancer (2009) 45:228–47. doi: 10.1016/j.ejca.2008.10.026

10. Emancipator K, Huang L, Aurora-Garg D, Bal T, Cohen EEW, Harrington K, et al.
Comparing programmed death ligand 1 scores for predicting pembrolizumab efficacy in
head and neck cancer. Mod Pathol (2021) 34:532–41. doi: 10.1038/s41379.-020-00710-9

11. Nakano T, Yasumatsu R, Hashimoto K, Kuga R, Hongo T, Yamamoto H, et al.
Real-world experience with pembrolizumab for advanced-stage head and neck cancer
patients: A retrospective, multicenter study. Anticancer Res (2022) 42:3653–64.
doi: 10.21873/anticanres.15854

12. Sano D, Tokuhisa M, Takahashi H, Hatano T, Nishimura G, Ichikawa Y, et al.
Real-world therapeutic outcomes of the pembrolizumab regimen as first-line therapy
for recurrent/metastatic squamous cell carcinoma of the head and neck: A single-center
retrospective cohort study in Japan. Anticancer Res (2022) 42:4477–84. doi: 10.21873/
anticanres.15948

13. Inoue H, Yokota T, Hamauchi S, Onozawa Y, Kawakami T, Shirasu H, et al. Pre-
treatment tumor size impacts on response to nivolumab in head and neck squamous
cell carcinoma. Auris Nasus Larynx (2020) 47:650–7. doi: 10.1016/j.anl.2020.01.003

14. Katsurada M, Nagano T, Tachihara M, Kiriu T, Furukawa K, Koyama K, et al.
Baseline tumor size as a predictive and prognostic factor of immune checkpoint
inhibitor therapy for non-small cell lung cancer. Anticancer Res (2019) 39:815–25.
doi: 10.21873/anticanres.13180

15. Joseph RW, Elassaiss-Schaap J, Kefford R, Hwu WJ, Wolchok JD, Joshua AM,
et al. Baseline tumor size is an independent prognostic factor for overall survival in
patients with melanoma treated with pembrolizumab. Clin Cancer Res (2018) 24:4960–
7. doi: 10.1158/1078-0432.CCR-17-2386

16. Chan JY, To VS, Wong ST, Wei WI. Quality of dying in head and neck cancer
patients: The role of surgical palliation. Eur Arch Otorhinolaryngol (2013) 270:681–8.
doi: 10.1007/s00405-012-2059-7

17. Szturs P, Vermorken JB. Revisiting EXTREME in the immuno-oncology era:
how to improve its outcomes. Oncologist (2021) 26:899–901. doi: 10.1002/onco.13966
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2023.1230731/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1230731/full#supplementary-material
https://doi.org/10.1016/j.ctrv.2018.03.003
https://doi.org/10.1158/2159-8290.CD-18-0367
https://doi.org/10.1158/2159-8290.CD-18-0367
https://doi.org/10.1016/S0140-6736(19)32591-7
https://doi.org/10.1200/JCO.21.02508
https://doi.org/10.1200/JCO.21.02198
https://doi.org/10.1200/JCO.21.02198
https://doi.org/10.1016/j.ejca.2015.06.116
https://doi.org/10.21037/tcr-20-2547
https://doi.org/10.1093/annonc/mdx414
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1038/s41379.-020-00710-9
https://doi.org/10.21873/anticanres.15854
https://doi.org/10.21873/anticanres.15948
https://doi.org/10.21873/anticanres.15948
https://doi.org/10.1016/j.anl.2020.01.003
https://doi.org/10.21873/anticanres.13180
https://doi.org/10.1158/1078-0432.CCR-17-2386
https://doi.org/10.1007/s00405-012-2059-7
https://doi.org/10.1002/onco.13966
https://doi.org/10.3389/fonc.2023.1230731
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Depth of response may predict clinical outcome in patients with recurrent/metastatic head and neck cancer treated with pembrolizumab-containing regimens
	1 Introduction
	2 Materials and methods
	2.1 Patients and study design
	2.2 Treatment regimen
	2.3 Statistical analyses

	3 Results
	3.1 Patients’ clinical characteristics
	3.2 Treatment efficacies of pembrolizumab-containing regimens
	3.3 Correlation between DpR and survival outcome
	3.4 Univariate and multivariate analyses
	3.5 Adverse events
	3.6 Treatment efficacies of subsequent anticancer therapy

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


