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ABSTRACT
Background  Effector regulatory T cells expressing C-C 
chemokine receptor 4 (CCR4) suppress antitumor immune 
responses. We conducted a phase I clinical trial to evaluate 
the safety and efficacy of preoperative combination 
therapy with mogamulizumab (an anti-CCR4 antibody) 
and nivolumab (an anti-programmed death-1 antibody) in 
patients with solid tumors.
Methods  Patients with operable solid tumors were 
enrolled in a 3+3 design, with preoperative nivolumab 
(3.0 mg/kg) administered intravenously every 2 weeks 
three times and mogamulizumab at 0.1 mg/kg (cohort 1), 
0.3 mg/kg (cohort 2), or 1.0 mg/kg (cohort 3) every week 
four times. The primary endpoints were safety and the 
effects of depleting Forkhead box P3+ (FoxP3+) T cells in 
the tumor.
Results  16 patients were enrolled between June 2016 
and April 2020, including those with renal (n=7), lung 
(n=5), esophageal (n=3), and oral (n=1) cancers. Grade 
3–4 treatment-related adverse events were observed 
in 6 of 16 patients, with lymphopenia (25%) and 
maculopapular rash (13%) being the most frequent. Grade 
5 interstitial pneumonia was observed in one patient; 
however, the cause of death was disease progression. 
There were three partial responses (PRs) (one lung and 
two esophageal cancers) among clinical responses and 
one complete response (one lung cancer) and nine PRs 
(five kidney, two lung, and two esophageal cancers) 
among pathological responses. CCR4+FoxP3+ T cells 
were depleted in the tumors of all patients and increases 
in lymphocytes in tumor tissue according to the tumor 
immune microenvironment classification were observed 
in 50% of the patients, which correlated with a better 
prognosis.
Conclusions  The preoperative combination of 
mogamulizumab and nivolumab was safely managed, 
exerted antitumor effects, and may be an effective option 
in the preoperative setting.
Trial registration number  The present study was 
registered with ​ClinicalTrials.​gov as NCT02946671 
(registration date 2016-10-05).

INTRODUCTION
Immune checkpoint inhibitors (ICIs), such 
as programmed death-1 (PD-1) blockade, 
are currently used in clinical practice to 
treat several cancer types.1–4 While durable 
therapeutic effects are achieved in some 
patients with various cancer types, thera-
peutic effects associated with the single use 
of ICIs are limited to approximately 20%.5 6 
The mechanisms underlying the therapeutic 
effects of PD-1 blockade involve the activa-
tion of T cells through the inhibition of the 
PD-1-programmed death-ligand 1 (PD-L1) 
axis; however, T cell activation is not always 
induced. Regulatory T cells (Tregs) func-
tion to maintain immune homeostasis by 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ The control of regulatory T cells (Tregs) may activate 
antitumor immunity. Mogamulizumab, a human-
ized IgG1 monoclonal antibody targeting anti-C-C 
chemokine receptor type 4, has been shown to 
deplete blood Tregs; however, its effects on tumor-
infiltrating Tregs remain unclear.

WHAT THIS STUDY ADDS
	⇒ This clinical trial demonstrated that the neoadjuvant 
combination of mogamulizumab and nivolumab was 
safely managed and yielded favorable outcomes in 
patients with operable solid tumors. Treg depletion 
was observed in both blood and tumors, and in-
creases in lymphocytes in tumor tissue according to 
the tumor immune microenvironment classification 
were associated with a better prognosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Treg depletion by mogamulizumab in combination 
with nivolumab is a promising treatment strategy 
that needs to be tested in larger clinical trials in the 
future.
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inhibiting excessive immune responses, and inhibit anti-
tumor immune responses by suppressing cytotoxic T cell 
activation induced by PD-1 blockade.7 Therefore, the 
regulation of Tregs has the potential to activate antitumor 
immunity; however, no therapeutic agents have been 
developed for this purpose.

Mogamulizumab is a humanized anti-C-C chemokine 
receptor type 4 (CCR4) IgG1 monoclonal antibody (mAb) 
with enhanced antibody-dependent cytotoxic activity and 
has been approved for the treatment of CCR4-positive 
relapsed or refractory T cell lymphomas.8 Previous clin-
ical trials on mogamulizumab for hematological diseases 
reported a decrease in Tregs in peripheral blood, 
suggesting the depletion of Tregs by mogamulizumab. 
Based on these findings, we conducted a clinical trial on 
the single agent mogamulizumab for the treatment of 
CCR4-negative solid tumors with Treg depletion as the 
therapeutic mechanism. We confirmed the tolerability 
and safety of mogamulizumab as well as Treg depletion in 
peripheral blood, and long-term therapeutic effects were 
observed in a few patients.9–11 As the mechanisms under-
lying the therapeutic effects of PD-1 blockade involve the 
activation of T cells, the combination of mogamulizumab 
and PD-1 blockade may exert synergistic immunological 
effects.

Preoperative immunotherapy may activate antitumor 
T cells in the presence of the primary tumor as the 
antigen source, and these antitumor T cells may exert 
antitumor effects against residual tumor cells after resec-
tion of the primary tumor, thereby preventing recur-
rence.12 Based on the benefits of the preoperative use 
of immunotherapy,13–15 we conducted a phase I clinical 
trial on combination therapy with mogamulizumab and 
nivolumab in the preoperative setting. The objective of 
the present study was to investigate the safety of preop-
erative immunotherapy in combination with mogamuli-
zumab and nivolumab in patients with solid tumors and 
to examine the effects of Treg depletion in peripheral 
blood and tumors.

MATERIALS AND METHODS
Patients
Operable patients older than 20 years of age and with 
an Eastern Cooperative Oncology Group performance 
status of 0–2 were included. Pathologically confirmed 
malignancies, including cT2N0–2M0 or cT3N0–1M0 
gastric adenocarcinoma, cT1bN0M0 or cT2N0M0 esoph-
ageal squamous cell carcinoma, cStage IIA, IIB, or IIIA 
(N2) non-small cell lung cancer (NSCLC), cStage III 
(excluding T3aN0M0) or cStage IV renal cell carci-
noma, and cT2–3N0M0 oral squamous cell carcinoma, 
were eligible. cStage IV patients with renal cell carci-
noma were included because cytoreductive nephrec-
tomy is considered to be the standard treatment, even 
for Stage IV patients with distant metastases. Clinical 
stages were assessed according to the Unio Internation-
alis Contra Cancrum tumor, node, metastases seventh 

edition. Patients who refused the recommended regimen 
of neoadjuvant chemotherapy were included. Eligibility 
criteria for laboratory values were as follows: a neutro-
phil count≥1.5×109/L, hemoglobin≥100 g/L, platelet 
count≥100×109/L, total bilirubin≤1.5 mg/dL, aspartate 
aminotransferase≤2.5 × the upper limit of the normal 
range (UNL), alanine aminotransferase≤2.5 × UNL, 
serum creatinine≤1.2 mg/dL (≤1.5 for renal cancer), 
and arterial blood oxygen saturation≥95%. All subjects 
underwent electrocardiography to confirm the absence 
of abnormalities in heart function requiring treatment. 
Patients were excluded if they had an active infection, 
a history of organ transplantation, active concurrent 
cancer, any autoimmune disease, interstitial pneumonia, 
uncontrolled hypertension, poorly controlled endocrine 
disorders, active inflammatory bowel disease, poorly 
controlled diabetes, type 1 diabetes, unstable angina 
pectoris, the administration of corticosteroids or immu-
nosuppressive and immunoenhancing agents, central 
nervous system involvement by tumors, hepatitis B or C 
virus infection, or HIV infection.

Study design
The present study was designed as a multi-institutional, 
open-label, investigator-initiated phase I clinical trial 
on neoadjuvant immunotherapy with mogamulizumab 
and nivolumab. The investigational drug mogamuli-
zumab was provided by Kyowa Kirin (Tokyo, Japan) 
and nivolumab by Ono Pharmaceutical (Osaka, Japan). 
The primary endpoints were the safety of neoadjuvant 
immunotherapy with mogamulizumab and nivolumab 
in patients with solid tumors and the effects of depleting 
Forkhead box P3+ (FoxP3+) cells in tumors with immu-
nohistochemistry (IHC). Secondary endpoints were the 
effects of Treg depletion in peripheral blood mononu-
clear cells (PBMCs) with a flow cytometry analysis and the 
effects of tumor reduction. The effects of tumor reduc-
tion (clinical response) were evaluated 7 weeks after the 
start of treatment or at the time of study discontinuation 
using CT, MRI, or endoscopy. Clinical responses were 
assessed by investigators based on the Response Eval-
uation Criteria in Solid Tumors (V.1.1).16 In addition, 
the method outlined in the “Gastric Cancer Treatment 
Guidelines, 14th Edition” was used to assess the treatment 
effect on the primary lesion in gastric cancer17 and the 
method described in the “Esophageal Cancer Treatment 
Guidelines, 11th Edition” to evaluate the primary lesion 
with endoscopy in esophageal cancer.18 Clinical responses 
for each subject were confirmed by the efficacy assess-
ment committee with a central evaluation. Patients were 
enrolled in a 3+3 design, with nivolumab (3.0 mg/kg) 
given intravenously every 2 weeks three times and mogam-
ulizumab at 0.1 mg/kg (cohort 1), 0.3 mg/kg (cohort 
2), or 1.0 mg/kg (cohort 3) every week four times. Oral 
antihistamines and acetaminophen were administered 
before each mogamulizumab infusion, and hydrocorti-
sone was simultaneously injected intravenously for the 
first mogamulizumab dose to prevent infusion reactions. 
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The study was moved to the next cohort if the incidence 
of dose-limiting toxicity (DLT) was less than or equal to 
one of six patients in each cohort. Movement to the next 
cohort was approved by the Clinical Trial Coordinating 
Committee based on the recommendation of the Efficacy 
and Safety Evaluation Committee, considering adverse 
events (AEs), clinical responses, and the effects of Treg 
depletion. Patients were considered to be intolerant to 
mogamulizumab or nivolumab if toxicity was observed 
in two or more patients in each cohort. Surgery was 
performed between days 43 and 57. The study continued 
even if surgery was not conducted during that period.

Evaluation of AEs and definition of DLT
Safety was evaluated by AEs graded with the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events V.4.019 and intraoperative and postoper-
ative complications graded with the Clavien-Dindo classi-
fication,20 during the start of treatment and 30 days after 
surgery on the primary tumor or 60 days after the last 
dose of the study drug, whichever was later.

The evaluation period for DLT was during the start of 
treatment and 7 days after surgery for the primary disease. 
DLT was defined as any of the following AEs for which 
a causal relationship to the investigational drugs could 
not be ruled out: grade 4 neutropenia for longer than 
7 days, grade 4 neutropenia with fever≥38.0°C for more 
than 2 days, grade 4 thrombocytopenia requiring platelet 
transfusion, ≥grade 3 non-hematological toxicity, and 
intraoperative and postoperative complications≥grade 3 
that may be causally related to the investigational drugs. 
An independent Data Monitoring Committee evaluated 
safety data at all dose levels.

Pathological response evaluation
All resected specimens were examined by pathologists, 
and the degree of tumor regression and scarring was 
graded by HE staining with the four categories of the 
American Joint Committee of Cancer and College of 
American Pathologists tumor regression grading (TRG) 
system, which were classified as follows: grade 0 (a 
complete response (CR)), no remaining viable cancer 
cells; grade 1 (a moderate response), only a small cluster 
or single cancer cells remaining; grade 2 (a minimal 
response), residual cancer remaining, but with predom-
inant fibrosis; grade 3 (a poor response), minimal or no 
tumor cells killed with extensive residual cancer.21 In the 
present study, CR was defined as TRG grade 0, a partial 
response (PR) as TRG grades 1–2, and no response (NR) 
as TRG grade 3.

Effects of Treg depletion in PBMCs
Treg depletion in PBMCs was assessed as previously 
described.9 10 Blood samples were collected at baseline, 
on days 3, 15, 29, and 43 after the start of treatment, and 
at the end of the study. PBMCs were isolated from hepa-
rinized blood by density gradient centrifugation using 
Ficoll-Paque Plus (GE Healthcare, Fairfield, Connecticut, 

USA). Cells were stored in liquid N2 until used. Treg 
depletion was assessed by flow cytometry as previously 
reported.9–11 In brief, cell surfaces were stained with 
anti-CD4-PerCP (clone SK3; BD Biosciences, San Jose, 
California, USA), anti-CD25-APC (clone 2A3; BD Biosci-
ences), and anti-CD45RA-FITC (clone ALB11; Beckman 
Coulter, Brea, California, USA) mAbs. The intracellular 
staining of FoxP3 was performed with anti-FoxP3-PE 
(clone PCH101; eBioscience, San Diego, California, 
USA) mAb and a FoxP3/Transcription Factor Staining 
Buffer Set (eBioscience) according to the manufactur-
er’s instructions. CD45RA+FoxP3lo naïve Tregs, CD45RA−

FoxP3hi effector Tregs, and CD45RA−FoxP3lo non-Tregs 
were analyzed as previously described.22

Effects of Treg depletion in tumors
Formalin-fixed paraffin-embedded tumor biopsy samples 
at baseline and surgical specimens were used to evaluate 
Tregs in tumors. FoxP3+ T cells and CCR4+FoxP3+ T cells 
were analyzed by IHC as previously reported23 (online 
supplemental figure 1). The number of cells per field 
of view (0.35 mm2) was measured using WinROOF2015 
image analysis software (MITANI Corporation, Tokyo, 
Japan). Cells were counted at 3–5 locations with biopsy 
specimens and at 10–30 locations with surgical speci-
mens. The average of counts was calculated.

Evaluation by the tumor immune microenvironment 
classification
The tumor immune microenvironment (TIME) clas-
sification was used to assess the lymphocyte infiltra-
tion pattern around or in the cancer nest based on HE 
staining24 (online supplemental figure 2). TIME was 
characterized into three types: “immune-desert” in 
which the infiltration of T cells into the tumor is negli-
gible; “immune-excluded” in which T cells infiltrate the 
stroma, but not the tumor nest; “immune-inflamed” in 
which T cells infiltrate the tumor nest and stroma. The 
extent of lymphocyte infiltration was assessed using −, +, 
and ++for each location. Cases with stroma (−) and tumor 
nest (−) were classified as “desert”, those with stroma 
(+/++) and tumor nest (−) were classified as “excluded”, 
and those with stroma (+/++) and tumor nest (+/++) 
were classified as “inflamed”. A change in the TIME clas-
sification from “immune-desert” to “immune-excluded” 
or “immune-inflamed”, or from “immune-excluded” to 
“immune-inflamed” was regarded as an increase in the 
infiltrating lymphocytes within the tumor, indicating an 
improvement in the immune phenotype.

Statistical analysis
Quantitative data without a normal distribution were 
analyzed using the two-tailed non-parametric Mann-
Whitney U test. The two-tailed Fisher’s exact probability 
test was used for bivariate analyses. Cumulative survival 
was plotted using the Kaplan-Meier method, and differ-
ences were compared using the Log-rank test. Statistical 
analyses were performed using Statistical Analysis System 
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(RRID:SCR_008567) V.9.4 (SAS, Cary, North Carolina, 
USA) and JMP Pro, V.16.0.0 (JMP, Tokyo, Japan). P 
values<0.05 were considered to be significant.

RESULTS
Patient backgrounds
The present study enrolled 16 patients with oper-
able solid tumors between June 2016 and April 2020, 
including renal (n=6), lung (n=2), esophageal (n=1), 
and oral (n=1) cancers in cohort 1 and renal (n=1), lung 
(n=3), and esophageal (n=2) cancers in cohort 2 (online 
supplemental figure 3, table 1). Since skin-related disor-
ders were more severe in cohort 2 than in cohort 1, even 
though they were all manageable, and tumor shrinkage 
was observed in some patients in cohort 1, along with 
intratumoral Treg depletion confirmed by IHC, the 
study did not proceed to cohort 3 with the approval of 
the Clinical Trial Coordinating Committee based on 
the recommendation of the Efficacy and Safety Evalua-
tion Committee. Instead, four additional patients were 
enrolled in cohort 1 after the inclusion of cohort 2. The 
study treatment was discontinued before surgery in one 
patient in cohort 1 (#1–08) due to the progression of the 
primary disease. In cohort 2, one patient (#2–02) did not 
receive a dose of nivolumab and another (#2–05) did not 
receive a dose of mogamulizumab due to grade 2 skin-
related disorders. Figure  1 shows the treatment course 
of patients with a median follow-up duration of 872 days 
(range; 66–1297 days). All patients underwent scheduled 
surgery, except for one (#1–08) for whom the trial was 
terminated due to progression of the primary disease.

AEs
All grades of treatment-related AEs (TRAEs) occurred in 
10 (100%) of 10 patients in cohort 1 and 6 (100%) of 
6 patients in cohort 2 (table 1). Grade 3–5 TRAEs were 
observed in 4 (40%) of 10 patients in cohort 1 and 3 
(50%) of 6 patients in cohort 2. Table 2 lists all TRAEs 
considered to be related to the study drug, with 36 AEs 
in cohort 1 and 19 in cohort 2. The most frequently 
observed categories of TRAEs were skin disorders (n=14 
in cohort 1 and 10 in cohort 2). Nine grade 3–5 TRAEs 
were observed in cohort 1 (Grade 3; n=5, Grade 4; n=3, 
Grade 5; n=1) and 4 in cohort 2 (Grade 3; n=4). Grade 
3 TRAEs were lymphopenia (n=4, 25%), maculopap-
ular rash (n=2, 13%), rash, diarrhea and dehydration 
(n=1, 6% each). Grade 4 TRAEs were hypopituitarism, 
adrenal insufficiency, and pneumonia (n=1, 6% each), 
and the grade 5 TRAE was interstitial pneumonia (n=1, 
6%). These AEs had already been identified as AEs of 
nivolumab and mogamulizumab, and were not consid-
ered to be a new risk for the investigational treatment.

Intraoperative and postoperative complications were 
observed in four (40%) patients in cohort 1 and four 
(67%) in cohort 2 (table 3). Grade 3 postoperative wound 
infection and grade 4 incisional hernia were detected in 
cohort 1 (n=1, 6% each), while grade 3 pleural effusion 

and grade 3 intestinal fistula infection were noted in 
cohort 2 (n=1, 6% each). A treatment-related compli-
cation potentially related to the study drugs was grade 1 
liver dysfunction in cohort 2 (n=1, 6%). Since no serious 
intraoperative or postoperative complications related 
to the study drugs were observed, preoperative combi-
nation therapy was not considered to preclude surgical 
treatment.

DLT of grade 5 interstitial pneumonia was observed in 
one patient in cohort 1 (#1–08). The patient had locally 
advanced NSCLC and was treated with three doses of 
mogamulizumab and two doses of nivolumab. However, 
the study was discontinued on day 19 due to progression 
of the primary disease, and radiotherapy was started as 
the next treatment on day 34. On day 41, radiography 
revealed pneumonia, which was treated with antibiotics; 
however, pneumonia worsened. Steroids were then 
administered on day 44 because pneumonia was consid-
ered to be interstitial pneumonia. Although pneumonia 
initially improved, the respiratory status eventually dete-
riorated and the patient died on day 67. Although the 
cause of death was progression of the primary disease, the 
patient’s clinical course was considered to be significantly 
affected by interstitial pneumonia as well as by radio-
therapy and bacterial pneumonia. Therefore, we judged 
interstitial pneumonia to be DLT.

Clinical response
All patients underwent a clinical response evaluation in 
week 7, except for one patient (#1–08), who underwent 
a CT evaluation in week 4 after receiving three doses 
of mogamulizumab, which confirmed the progression 
of the primary tumor and led to study discontinuation. 
Clinical responses in cohort 1 were one PR, eight stable 
disease (SD), and one non-CR/non-progressive disease 
(PD), while those in cohort 2 were two PR, three SD, and 
one PD (table 1). Pathological responses in cohort 1 were 
one CR, five PR, and three NR, and those in cohort 2 were 
four PR and two NR. Therefore, there were 3 PR (19%) 
and 11 SD (69%) with a clinical response and 1 CR (6%) 
and 9 PR (56%) with a pathological response. According 
to the clinical response based on tumor type, SD and PR 
were observed in two of three patients with esophageal 
cancer (66%), zero of seven patients with renal cancer 
(0%), and one of five patients with lung cancer (20%). 
Similarly, according to the pathological response, PR and 
CR were observed in two of three patients with esopha-
geal cancer (66%), five of seven patients with renal cancer 
(71%), and three of five patients with lung cancer (60%). 
Regarding prognosis, no significant differences were 
observed in progression-free survival (PFS) or overall 
survival (OS) between cohorts 1 and 2 (figure 2a-b). There 
were three deaths caused by primary disease progression 
in two patients and aspiration pneumonia in one patient 
(figure 1). We presented two patients with a good treat-
ment response and long-term disease control (#1–04 and 
#2–04) (online supplemental figure 4 and 5).
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FoxP3highCD4+ Treg depletion in PBMCs
Treg depletion in peripheral blood by mogamulizumab 
was assessed using flow cytometry at baseline, at 2, 4, and 
6 weeks after treatment initiation, and at the end of the 
study. The percentage of effector Tregs in CD4+ T cells 
was significantly reduced 3 days after treatment initiation, 
with this depletion being maintained throughout the 
treatment duration (online supplemental figure 6a-b). 
However, the percentage of effector Tregs increased 
after the end of treatment. The median percentages of 
effector Tregs in CD4+ T cells in cohorts 1 and 2 were 
2.8% (range: 0.73–6.7%) and 2.1% (range: 0.72–4.9%) at 
baseline, 0.25% (range: 0.08–0.97%) and 0.18% (range: 
0.00–1.2%) on day 43, and 0.43% (range: 0.10–9.6%) 
and 1.6% (range: 0.13–2.8%) at the end of the trial, 
respectively.

FoxP3+ Treg depletion in tumors
To analyze Treg depletion in tumors, we assessed the infil-
tration of tumors by FoxP3+ T cells and CCR4+FoxP3+ T 
cells in surgically dissected tumor samples using IHC. The 
number of FoxP3+ T cells in tumors decreased in 50% of 
patients, with a median change of −11.1% (range: −73.2 
to 87.8%) (table  4). Furthermore, the count of CCR4+-

FoxP3+ T cells in tumors decreased in all patients, showing 
a median change of −86.7% (range: −94.8 to −52.7%). 

In comparisons of Treg levels between responders 
(PR or CR) and non-responders (SD or PD) with clin-
ical responses, the pretreatment number of FoxP3+ T 
cells was higher in responders than in non-responders, 
whereas the percentage decrease was slightly higher in 
responders than in non-responders (online supplemental 
figure 7). These results suggest that tumors with higher 
pretreatment Treg infiltration exhibited more efficient 
Treg removal, leading to improved treatment efficacy.

Increases in lymphocytes in tumor tissue based on the TIME 
classification
To examine potential improvements in the tumor micro-
environment by Treg depletion in tumors, we assessed 
the TIME classification using surgically dissected tumor 
samples and IHC. Pretreatment evaluations categorized 
eight patients as immune-desert (one esophageal, one 
lung, and six renal cancers), five as immune-excluded 
(one esophageal, two lung, one renal, and one oral 
cancer), and two as immune-inflamed (one esophageal 
and one lung cancer) (table 4, online supplemental figure 
2). Post-treatment evaluations categorized two patients 
as immune-desert, nine as immune-excluded, and three 
as immune-inflamed. Increases in lymphocytes in tumor 
tissue were observed in eight patients (two esophageal, 
four renal, and two lung cancers), while only one patient 

Figure 1  The clinical course of all patients in the trial. Treatment courses are shown for all 16 patients. The tumor type, 
clinical response, and pathological response are annotated for each patient. Blue represents the study treatment, green for the 
follow-up, yellow for chemotherapy, dark blue for other immunotherapies, and gray for radiation therapy. Radical resection is a 
diamond, non-radical resection is a hollow diamond. Red triangles indicate PD, stars indicate recurrence, and cross symbols 
indicate death. CR, complete response; ESCC, esophageal squamous cell carcinoma; N/A, not applicable; NR, no response; 
NSCLC, non-small cell lung cancer; PD, progressive disease; PR, partial response; RCC, renal cell carcinoma; SD, stable 
disease; TSCC, tongue squamous cell carcinoma.
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Table 2  Treatment-related adverse events

0.1 mg/kg (n=10) 0.3 mg/kg (n=6)

Grade 1 2 3 4 5 1 2 3 4 5

Cases 7 9 3 1 1 5 6 3 0 0

Total events 10 17 5 3 1 6 9 4 0 0

Non-hematological

General

Fever 1

Fatigue 1

Appetite loss 1

Dehydration 1

Skin and subcutaneous tissue

Rash 2 7 1 4 1

Maculopapular rash 2 1 2

Pruritus 1

Purpura 1

Hives 1

Vitiligo 1

Gastrointestinal disorders

Diarrhea 1

Vomiting 1

Stomatitis 1

Infections

Pneumonia 1

Hepatobiliary disorders

Liver dysfunction 1

Endocrine disorders

Hypopituitarism 1

Hypothyroidism 1

Adrenal insufficiency 1

Musculoskeletal disorders

Muscle pain 1

Thoracic disorders

Interstitial pneumonia 1

Cardiac disorders

SVPC 1

Nervous system disorders

Dizziness 1

Hematological

Leukopenia 1

Lymphopenia 4 1 1 3

Eosinophilia 1

Anemia 1

ALT increased 2

TSH decreased 1

SVPC, supraventricular premature contraction; ALT, alanine aminotransferase; TSH, thyroid-stimulating hormone.
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exhibited a worsening change from immune-inflamed 
to immune-excluded (one esophageal). In comparisons 
of the TIME classification with pathological therapeutic 
responses, all eight patients showing increases in lympho-
cytes in tumor tissue had a pathological response of PR 
(table 4). In addition, patients with increases in lympho-
cytes in tumor tissue were more likely to have better PFS 
and OS (online supplemental figure 8a-b).

DISCUSSION
To the best of our knowledge, we are the first to conduct 
a clinical trial on mogamulizumab combined with 
nivolumab as a preoperative treatment for solid tumors. 
The present study evaluated the TRAEs and intraoper-
ative and postoperative complications of combination 
therapy. In previous studies, severe AEs of grade 3 or 

Table 3  Intraoperative and postoperative complications

0.1 mg/kg (n=10) 0.3 mg/kg (n=6)

Grade 1 2 3 4 5 1 2 3 4 5

Cases 2 2 1 1 0 2 2 2 0 0

Total events 2 2 1 1 0 3 2 2 0 0

Thoracic disorders

Pleural effusion 1

Pleuritis 1

Lung fistula 1

Skin and subcutaneous tissue

Aerodermectasia 1 1

Gastrointestinal disorders

Intestinal obstruction 1

Infections

Postoperative wound infection 1

Intestinal fistula infection 1

Hepatobiliary disorders

Liver dysfunction 1

Procedural complications

Wound complications 1

Incisional hernia 1

Cardiac disorders

Atrial fibrillation 1

Hematological disorders

Lipase increase 1

Figure 2  Kaplan-Meier survival curve for 16 patients. Progression-free survival (a) and overall survival (b) are shown according 
to cohort 1 (blue line, n=10), cohort 2 (orange line, n=6), and all cohorts (black dots, n=16).
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higher with PD-1 blockade were rash in 0.4–6.7% of cases, 
endocrine disturbances in 0–0.6%, diarrhea in 1–3.9%, 
and interstitial pneumonia in 0–4.3%.25–29 Severe AEs 
of grade 3 or higher with mogamulizumab were rash 
in 6.3–18.5% of patients in previous clinical trials on 
hematological diseases and lymphopenia in 29%, rash 
in 2.6%, endocrine disruption in 0%, and diarrhea in 
0% with no serious AEs in previous clinical trials on solid 
tumors.9 30 31 In this clinical trial, there were 13 serious 
TRAEs, and the most frequently observed TRAEs were 
skin-related (n=3, 18%) and lymphopenia (n=4, 25%). 
Although the percentage of TRAEs was consistent with 
that reported with single-agent nivolumab or mogam-
ulizumab therapy, all are known AEs for nivolumab or 
mogamulizumab, and are manageable. DLT occurred 
in one patient with interstitial pneumonia in cohort 
1, which was considered to be a predictable AE by 
nivolumab. This patient died and the cause of death 
was progression of the primary disease. Intraoperative 
and postoperative complications were within acceptable 
limits. Therefore, the combination of mogamulizumab 
and nivolumab was manageable and did not affect short-
term surgical outcomes.

Regarding efficacy, effector Tregs were depleted in 
the peripheral blood and tumors of all patients. Clin-
ical responses were PR in 3 patients and SD in 11, and 
increases in lymphocytes in tumor tissue according to the 
TIME classification were observed in 8 patients, which 
were associated with a better pathological response and 
prognosis. Clinical trials with single-agent mogamuli-
zumab showed Treg depletion in peripheral blood and 
Treg depletion in tumors in a few cases; however, clin-
ical efficacy has been limited.9 32–34 Consequently, clinical 
trials on combination therapy of mogamulizumab with 
checkpoint inhibitors, such as anti-PD-1, anti-PD-L1, and 
anti-CTLA-4 antibodies, demonstrated that although all 
studies reported Treg depletion in peripheral blood and 
Treg depletion in tumor biopsy specimens, along with 
an increase in CD8+ T cells in one study, no additional 
therapeutic effect was noted. The lack of enhanced ther-
apeutic efficacy was attributed to the additional deple-
tion of CCR4-expressing antitumor effector cells, such as 
central memory CD8+ T cells, on which the expression of 
CCR4 was up-regulated by antigen stimulation,35 36 and 
also to the induction of other suppressive immune cells, 
including bone marrow-derived suppressor cells and 
tumor-associated macrophages.32 In the present study, a 
favorable clinical response was observed in patients with 
reduced Tregs and increases in lymphocytes in tumor 
tissue, indicating the utility of preoperative combination 
immunotherapy. In contrast to previous clinical trials 
on advanced or recurrent solid tumors with large tumor 
volumes, preoperative combination immunotherapy 
has the potential to reduce postoperative recurrence 
with minimal residual disease. Since this study had a 
small sample size and had a short follow-up, the results 
obtained need to be confirmed in a larger cohort with a 
longer follow-up in the future.

There are some advantages to using immunotherapy 
in a neoadjuvant setting.37 Neoadjuvant immunotherapy 
may efficiently induce antitumor T cells in the presence 
of the primary tumor with abundant tumor antigens.12 In 
the preoperative setting, immunotherapy in the presence 
of abundant tumor antigens may induce more efficient 
effector T cells. In addition, preoperatively activated anti-
tumor T cells are expected to be preserved in the blood-
stream during the postoperative period, leading to the 
elimination of residual cancer cells and the prevention 
of recurrence. Furthermore, dissected specimens allowed 
us to investigate intratumoral immune responses caused 
by immunotherapy in detail. Some clinical trials using 
mogamulizumab combined with other immunotherapy 
drugs against recurrent or advanced solid tumors demon-
strated effector Treg depletion in tumors and periph-
eral blood; however, these analyses showed effector Treg 
depletion with biopsy samples before and after the treat-
ment in only some of the cohort.9 32–34 In the present study, 
a detailed analysis of intratumoral immune responses 
showed the depletion of 80–90% of CCR4+Foxp3+ cells 
from the tumor as well as the complete depletion of 
blood effector Tregs and increases in lymphocytes in the 
tumor tissue of 50% of patients. Therefore, these results 
imply that combination therapy with mogamulizumab 
and nivolumab improved the tumor immune environ-
ment through Treg removal, even within the tumor.

In this study, cohort 1 was administered mogamuli-
zumab at a low dose of 0.1 mg/kg, which was sufficient 
to deplete CCR4+ Treg in both peripheral blood and 
tumors. This result is consistent with previous findings 
showing efficient Treg depletion in blood with a lower 
dose (0.003–0.3 mg/kg).38 Therefore, 0.1 mg/kg of 
mogamulizumab is a sufficient dose to deplete Tregs in 
blood and tumors. In addition, effector Tregs decreased 
immediately in blood after the start of treatment, and 
were maintained at a low level throughout the treatment 
period; however, effector Tregs increased a few months 
later after the last dose. Therefore, it may be necessary to 
continue administering mogamulizumab every 2 weeks to 
maintain the effects of Treg depletion in tumors.

In conclusion, although it is necessary to monitor the 
AEs associated with combined immunotherapy, preop-
erative combination therapy with mogamulizumab and 
nivolumab was safely managed for operable solid tumors 
and did not preclude surgical treatment. Treg deple-
tion was observed in tumors and blood, and increases 
in lymphocytes in tumor tissue were observed in 50% of 
patients, which was associated with a favorable prognosis. 
Preoperative combination therapy with mogamulizumab 
and nivolumab has potential as a novel immunotherapy 
option with the regulation of the PD-1–PD-L1 pathway 
and the depletion of Tregs as therapeutic mechanisms.
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