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Abstract
Head and neck squamous cell carcinomas (HNSCC) have proven to be inherently resistant to systemic treatments as a result of 
histological, molecular, and etiological heterogeneity, with limited responses seen after second-line therapy and beyond. With 
limited treatment options after progression on systemic chemotherapy in HNSCCs, immunotherapy has a role to play with 
improved results. In this prospective, observational, non-randomized, open-label study, a total of 12 patients with advanced, 
relapsed, or metastatic HNSCC received Inj. Nivolumab weight-based dose of 3 mg per kg, intravenously every 2 weeks 
along with low-dose capecitabine 500 mg twice a day, was prospectively assessed. The patient’s clinical, hematological, 
and staging characteristics were described and the clinical benefit rate (CBR) was calculated. A total of 12 patients received 
the combined metronomic chemo-immunotherapy (CMCI). The majority of patients were belonging to ECOG-PS 1(66%), 
with all patients being in stage IV disease. Six, four, and two patients received immunotherapy as the 5th, 3rd, and 4th line 
of therapy, respectively. Nivolumab and low-dose capecitabine were used in all 12 patients. CBR was seen in 66% (8/12) of 
patients, one patient died due to hepatitis and hepatic encephalopathy, another patient died due to pneumonia and respiratory 
complications, two patients had progressive disease, and two patients with stable disease discontinued treatment because of 
financial constraints and kept on capecitabine alone. The majority tolerated therapy well with no grade 3/4 immune-related 
adverse events (IRAEs). Two patients required supportive therapy with packed red cell transfusion and albumin infusions. 
Six-month overall survival (OS) and progression-free survival (PFS) in the study population were 83.3% and 66.6%, respec-
tively. In conclusion, nivolumab along with metronomic chemotherapy with low-dose capecitabine was very well tolerated 
and exhibited anti-tumor activity with a CBR of 66%, 6-month OS of 83.3%, and 6-month PFS of 66.6%, in extensively 
pretreated patients with HNSCCs. Additional studies of nivolumab and metronomic chemotherapy and immuno-immuno 
combination therapy in these diseases are ongoing.
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Abbreviations
ECOG  Eastern Cooperative Oncology Group
Ca BM  Carcinoma Buccal Mucosa
Ca BOT  Carcinoma of Base of Tongue
SqCC  Squamous cell carcinoma
PCV  Packed cell volume
Alb  Albumin
PD  Progressive disease
PR  Partial response
LFU  Lost to follow-up
SD  Stable disease
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is one 
of the most common malignancies worldwide, accounting 
for more than 550,000 new cases and 380,000 deaths per 
year [1]. Besides established risk factors like smoking and 
alcohol consumption, human papillomavirus (HPV) infec-
tion has become an important factor in the epidemiology 
and prognosis of patients [2]. Most of the patients have 
locally advanced disease at the time of presentation and 
require a multimodal approach for treatment with surgery, 
radiotherapy, and systemic therapy. Despite this, more 
than half of the patient’s relapse. Expected median sur-
vival for a patient with incurable, locally advanced, recur-
rent, or metastatic remains under a year, or marginally 
longer for patients who develop metastases from an HPV-
related HNSCC [3]. The addition of an EGFR-targeting 
monoclonal antibody has been shown to improve overall 
survival compared with platinum-based chemotherapy 
alone by 2.7 months [4].

There has been great momentum in the field of immuno-
oncology after the Nobel Laureates, James P Allison, and 
Dr. Tasuku Honjo published pioneering work proving that, 
besides antigen presentation, a second co-stimulatory sig-
nal is essential to activate cytotoxic T cells to provide anti-
tumor immunity [5]. With this improved understanding, 
the spectrum of immunotherapeutic options has increased 
beyond melanoma/renal cell carcinoma to include head 
and neck, lung, bladder, hepatocellular, and gastrointes-
tinal malignancies. Drugs that block the immune regu-
latory checkpoints namely the PD-1/PDL1 (nivolumab, 
pembrolizumab, and atezolizumab) have shown tremen-
dous responses [6–8]. Western data have a response rate 
of 15–40% and some cases with durable responses [9]. 
Although early clinical immunotherapy trials have yielded 
mixed results with ambiguous clinical benefits, cancer 
immunotherapy is nowadays regarded as an important 
pillar of anticancer treatment [10].

Metronomic chemotherapy, defined as the frequent 
administration of chemotherapeutic agents at a non-
toxic dose without extended rest periods, was originally 
designed to overcome drug resistance by shifting the thera-
peutic target from tumor cells to tumor endothelial cells. 
Metronomic chemotherapy also exerts anti-tumor effects 
on the immune system (immunomodulation) and tumor 
cells. The goal of immunotherapy is to enhance host anti-
tumor immunities. Metronomic chemotherapy decreases 
angiogenesis, decreases therapeutic resistance, and targets 
cancer stem cells and anti-tumor immunity. In this era of 
immunotherapy, combining immune checkpoint inhibi-
tion with metronomic administration of chemotherapeu-
tic drugs may create a synergistic effect that augments 

anti-tumor immune responses and clears metabolic com-
petition. This would allow immune-mediated elimination 
of therapy-resistant cancer cells, an effect that may be 
unattainable by using either therapeutic modality alone 
[11, 12]. In this research study, we evaluated the role of 
combined metronomic low-dose oral capecitabine along 
with the immunotherapeutic agent nivolumab.

Material and Methods

This study was conducted in a prospective observational 
manner in a tertiary care center at the Department of Medi-
cal and Pediatric Oncology over 4 years from June 2018 
to May 2022. The study was approved by the Institutional 
Ethics Committee of our institute. Written informed consent 
was obtained from the patients or the parent/ guardian for 
publication of the clinical details in this report. In this pro-
spective, observational, non-randomized, open-label study, 
all consecutive patients with relapse, recurrent, locally 
advanced, and metastatic HNSCC who received weight-
based Inj. Nivolumab along with low-dose oral capecitabine, 
after the failure of a minimum of two lines of chemotherapy 
at our center, were enrolled prospectively. A total of 12 cases 
met the inclusion criteria for enrolment in the study group. 
Diagnosis of HNSCC was made by histopathology, fine nee-
dle aspiration cytology, and imaging studies.

Aims and Objectives of the Study

Aims

The primary aim of this study is to know the response rate of 
combined metronomic low-dose capecitabine along with Inj. 
Nivolumab in advanced HNSCC patients who have received 
a minimum of two lines of chemotherapy.

Objectives

The objectives of this study are to calculate the clinical 
benefit rate and study the side effect profile, need for com-
ponent support, and other supportive measures required in 
this study.

Endpoints

Primary endpoints are progression-free survival (PFS) and 
event-free survival (EFS).

Secondary endpoints of this study are to calculate the 
clinical benefit rate and overall survival.
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Patient Selection and Treatment

Patients, with relapse, recurrent, locally advanced, and meta-
static HNSCC who received ICIs along with low-dose oral 
capecitabine, after the failure of a minimum of two lines 
of chemotherapy at our center were prospectively assessed. 
Patient data was collected and entered in the Microsoft 
Excel sheet and analyzed for efficacy, side effects, and need 
for supportive care for the patients who were taking ICI 
nivolumab along with low-dose oral capecitabine. Patients 
receiving < 4 weeks of treatment were excluded from the 
study.

Inclusion Criteria

All the patients who are willing to give informed consent, 
with relapse, recurrent, locally advanced, and metastatic 
HNSCC who present, after the failure of a minimum of two 
lines of chemotherapy and or not willing for further injecta-
ble chemotherapy at our center were prospectively assessed.

Exclusion Criteria

1. Patients who are not willing to give consent for enrol-
ment in the study

2. Patients with altered RFT and/or LFT
3. ECOG performance status (PS) 4
4. Newly diagnosed HNSCC patients or those who have 

not received at least two lines of chemotherapy
5. Patients receiving < 4 weeks of treatment

Intervention

All the enrolled patients received weight-based Inj. 
Nivolumab infusion at a dose of 3 mg/kg every 2 weeks 
along with continuous oral low-dose metronomic capecit-
abine at 500 mg twice a day schedule [13, 14] after discuss-
ing with the patients and their family members regarding the 
benefits and pitfalls of the therapy.

Follow‑up and Monitoring

All the patients were monitored with history and physical 
examination, complete blood counts, renal function tests, 
and liver function tests on the first day of every cycle. All the 
patients were monitored for the common toxicities associ-
ated with nivolumab and capecitabine according to the Com-
mon Toxicity Criteria for Adverse Events (CTCAE) criteria.

Response Assessment

All the patients were monitored with a computed tomog-
raphy (CT) scan for response assessment for their disease 

status at an interval of every 3 months of therapy using 
imRECIST (Immune-modified Response Criteria in Solid 
Tumours) based on the NCCN and ESMO Guidelines. 
According to the imaging reports, patients were stratified 
as partial responders (PR), complete response (CR), stable 
disease (SD), or progressive disease (PD) as per the RECIST 
1.1 criteria.

Therapy was continued until progression or unacceptable 
toxicity.

Statistical Analysis

Clinical benefit (CBR) was defined as the proportion of 
patients without clinical or radiological progression at 
3 months. Progression-free survival (PFS)/event-free sur-
vival (EFS) was defined as the period from the start of com-
bined metronomic chemo-immunotherapy to the date of 
clinical or radiological progression of disease or death due 
to any cause. Data analysis and data entry were done using 
MS Office 2010. Disease evaluation was done with com-
puted tomography (CT). According to the imaging reports, 
patients were stratified as partial responders (PR), complete 
response (CR), stable disease (SD), or progressive disease 
(PD) as per the RECIST 1.1 criteria.

Results (Table 1)

This prospective observational study was conducted in a 
tertiary care center, situated in the northern part of Kar-
nataka, India. From June 2018 to May 2022, a total of 12 
patients who are willing to give informed consent, with 
relapse, recurrent, locally advanced, and metastatic HNSCC 
who present, after the failure of a minimum of two lines 
of chemotherapy and or not willing for further injectable 
chemotherapy at our center were enrolled. Diagnosis was 
done with clinical signs, symptoms, imaging, histopatho-
logical, and FNAC studies. These 12 patients constituted 
the study cohort. All 12 patients had a history of prior treat-
ment like surgery, chemotherapy, and radiotherapy as per the 
local and national standard treatment guidelines, followed 
by first-line chemotherapy at a recurrence of the disease. 
All the patients initially have some response followed by 
progression. At progression on first-line chemotherapy, 
those with good performance status were given second-
line chemotherapy. Those who progressed on second-line 
chemotherapy were counseled thoroughly regarding disease 
status, prognosis, treatment options available, the option of 
best supportive care, and clinical trial enrolment. Those who 
were not willing to best supportive care or further inject-
able chemotherapy were given the option of low-dose met-
ronomic continuous oral capecitabine along with injection 
nivolumab at 3 mg per Kg, as per our study protocol.
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Table 1  Demography, baseline characteristics, and clinical benefit rate of the patients

Diagnosis Age (yrs) Sex, M/F ECOG-PS Lymphad-
enopathy

Histology Disease status Metastasis at 
start of therapy

Line of therapy

Ca Tongue 63 M 2 Cervical 
lymphad-
enopathy

SqCC Metastatic Lung and bone 
mets

3rd

Ca Oropharynx 34 F 1 Cervical 
lymphad-
enopathy

SqCC Metastatic Lung 5th

Ca BM 45 M 1 Cervical 
lymphad-
enopathy

SqCC Recurrent, 
locally 
advanced

None 5th

Ca Cricophar-
ynx

58 M 1 Cervical 
lymphad-
enopathy

SqCC Metastatic Lung, chest 
wall, and 
bone

3rd

Ca Oropharynx 44 F 1 Cervical 
lymphad-
enopathy

SqCC Metastatic Lung 5th

Ca BOT 49 M 1 Cervical 
lymphad-
enopathy

SqCC Metastatic Liver 5th

Ca Cricophar-
ynx

38 M 1 Cervical 
lymphad-
enopathy

SqCC Metastatic Lung, chest 
wall, and 
bone

3rd

Ca Hypophar-
ynx

65 M 2 Cervical 
lymphad-
enopathy

SqCC Recurrent, 
locally 
advanced

None 4th

Ca BOT 59 M 1 Cervical 
lymphad-
enopathy

SqCC Metastatic Liver 5th

Ca Tongue 53 M 2 Cervical 
lymphad-
enopathy

SqCC Metastatic Lung and bone 
mets

3rd

Ca Hypophar-
ynx

45 M 2 Cervical 
lymphad-
enopathy

SqCC Recurrent, 
locally 
advanced

None 4th

Ca BM 55 M 1 Cervical 
lymphad-
enopathy

SqCC Recurrent, 
locally 
advanced

None 5th

Diagnosis Drug used Toxicity No. of 
Cycles of 
therapy

CBR Anaemia 
(gm%)

Albumin 
(gm%)

PCV and albu-
min transfu-
sion

Remarks

Ca Tongue Nivolumab-
capecitabine

Fatigue 5 PD 9.9 3.9 None On capecitabine 
only

Ca Orophar-
ynx

Nivolumab-
capecitabine

Fatigue 7 PR 12 4.5 None On palliative 
chemo-immu-
notherapy

Ca BM Nivolumab-
capecitabine

Fatigue 6 SD 10 4.2 None Discontinued 
i/v/o economic 
constraints, on 
capecitabine 
only

Ca Cricophar-
ynx

Nivolumab-
capecitabine

None 10 PR 11 3.6 None On palliative 
chemo-immu-
notherapy

Ca Orophar-
ynx

Nivolumab-
capecitabine

Fatigue 7 PR 12 4.5 None On palliative 
chemo-immu-
notherapy
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After explaining the side effects, benefits, and cost of 
low-dose metronomic continuous oral capecitabine and Inj, 
nivolumab along with supportive management and high-risk 
consent was taken for the study enrolment from the patient 
and their relatives. Baseline investigations like complete 
blood counts, renal function tests, electrolytes, and liver 
function tests were within the normal range for their respec-
tive ages and sex.

A total of 12 HNSCC cancer patients met the inclusion 
criteria and received combined metronomic chemo-immu-
notherapy at the prescribed schedule. Out of 12 patients, 4 
were carcinoma tongue, two cases each of Carcinoma of 
Buccal Mucosa, Carcinoma of the Oropharynx, Carcinoma 
of the Hypopharynx, and Carcinoma of Cricopharynx. HPV 
testing by P16 immunochemistry has been done in both the 
oropharyngeal cancer patients and both were negative; due 
to lower positivity rates in other subsites, we did not subject 
other patients to the P16 immunohistochemistry. None of the 
patients was subjected to PD-L1 testing as it is not a required 
criterion for the nivolumab therapy. Sixty-six percent of 
patients were in ECOG-PS = 1, 33% were in ECOG-PS = 2, 
66% patients had metastatic disease, and 33% were having 
recurrent, locally advanced disease at the time of starting of 
CMCI. All the patients had cervical lymphadenopathy and 
all had squamous cell histology.

All patients had to have a history of pre-treatment with 
surgery, concurrent chemoradiotherapy, and combination 
chemotherapy. Most of the patients received prior drugs 
in the form of combination chemotherapy, like paclitaxel-
carboplatin, paclitaxel-cisplatin, docetaxel-carboplatin, 
docetaxel-cisplatin, gemcitabine-carboplatin, nab-paclitaxel-
carboplatin; single agents, like cisplatin, gemcitabine, and 
irinotecan; and pemetrexed and metronomic chemotherapy 
drugs, like cyclophosphamide, celecoxib, and methotrexate 
in the study group (Table 2). We have not used infusional 
5-FU-based combination regimens like PF, TPF, and DCF, 
given higher toxicity like mucositis and neutropenia. Out 
of 12 patients, 6 (50%) were receiving as 5th line, 4 (33%) 
were receiving as 3rd line, and 2 (16.5%) as 4th line of 
CMCI therapy. The mean number of cycles of weight-based 
nivolumab therapy received by the study population was 
6.33 (6 ± 1). At the end of 6 months of regular treatment, six 
patients (50%) had partial response (PR), 2 (16.5%) patients 
had stable disease (SD), and 2 (16.5%) patients had progres-
sive disease (PD) (Fig. 1). CBR that is a combination of PR 
and SD was seen in 66% (8/12) patients. None of the patients 
had a complete response (CR). Two patients with stable dis-
ease discontinued treatment because of financial constraints 
and kept on capecitabine alone. At the end of the 6 months, 
83.3% were surviving (Fig. 2) and 66.6% were free from 

Table 1  (continued)

Diagnosis Drug used Toxicity No. of 
Cycles of 
therapy

CBR Anaemia 
(gm%)

Albumin 
(gm%)

PCV and albu-
min transfu-
sion

Remarks

Ca BOT Nivolumab-
capecitabine

None 7 PR 11.9 4.6 None On palliative 
chemo-immu-
notherapy

Ca Cricophar-
ynx

Nivolumab-
capecitabine

None 10 PR 11 3.6 None On palliative 
chemo-immu-
notherapy

Ca Hypophar-
ynx

Nivolumab-
capecitabine

Fatigue 3 Death 8 2.8 PCV and Alb Died due to 
hepatitis and 
HE

Ca BOT Nivolumab-
capecitabine

None 7 PR 11.9 4.6 None On palliative 
chemo-immu-
notherapy

Ca Tongue Nivolumab-
capecitabine

Fatigue 5 PD 9.9 3.9 None On capecitabine 
only

Ca Hypophar-
ynx

Nivolumab-
capecitabine

Fatigue 3 Death 8 2.8 PCV and Alb Died due to 
pneumonia 
and respiratory 
complications

Ca BM Nivolumab-
capecitabine

Fatigue 6 SD 10 4.2 None Discontinued 
i/v/o economic 
constraints, on 
Capecitabine 
only

ECOG Eastern Cooperative Oncology Group, Ca BM Carcinoma Buccal Mucosa, Ca BOT Carcinoma of Base of Tongue, SqCC squamous cell 
carcinoma, PCV packed cell volume, Alb albumin, PD progressive disease, PR partial response, LFU lost to follow-up, SD stable disease
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Table 2  Previous lines of therapies, date of initiation of treatment (DOIT), date of death (DOD), date of loss to follow-up (DLFU), date of pro-
gression of disease (PD), and date of recurrence (DOR)

YES Age (yrs) Sex, M/F ECOG-PS Disease status Previous 
Therapies

Line of 
therapy

Drug used No. of 
cycles of 
therapy

CBR

Ca Tongue 63 M 2 Metastatic P + C, GEM-
CIS, NAB-
PACLI

3rd Nivolumab-
capecitabine

5 PD

Ca Orophar-
ynx

34 F 1 Metastatic P + C, GEM-
CIS, PEM, 
NABPACLI, 
IRINO

5th Nivolumab-
capecitabine

7 PR

Ca BM 45 M 1 Recurrent, 
Locally 
advanced

P + C, GEM-
CIS, PEM, 
NABPACLI, 
IRINO

5th Nivolumab-
capecitabine

6 SD

Ca Cricophar-
ynx

58 M 1 Metastatic P + C, NAB-
PACLI-CIS, 
METRO-
NOMIC

3rd Nivolumab-
capecitabine

10 PR

Ca Orophar-
ynx

44 F 1 Metastatic P + C, GEM-
CIS, PEM, 
NABPACLI, 
IRINO

5th Nivolumab-
capecitabine

7 PR

Ca BOT 49 M 1 Metastatic P + C, GEM-
CIS, PEM, 
NABPACLI, 
IRINO

5th Nivolumab-
capecitabine

7 PR

Ca Cricophar-
ynx

38 M 1 Metastatic P + C, 
NABPA-
CLI-GEM, 
IRINO

3rd Nivolumab-
capecitabine

10 PR

Ca Hypophar-
ynx

65 M 2 Recurrent, 
locally 
advanced

P + C, 
GEM-CIS, 
NABPACLI-
CARBO, 
METRO-
NOMIC

4th Nivolumab-
capecitabine

3 Death

Ca BOT 59 M 1 Metastatic P + C, GEM-
CIS, PEM, 
NABPACLI, 
IRINO

5th Nivolumab-
capecitabine

7 PR

Ca Tongue 53 M 2 Metastatic P + C, 
NABPA-
CLI-GEM, 
METRO-
NOMIC

3rd Nivolumab-
capecitabine

5 PD

Ca Hypophar-
ynx

45 M 2 Recurrent, 
locally 
advanced

P + C, 
GEM-CIS, 
PACLIA-
QUALIP, 
METRO-
NOMIC

4th Nivolumab-
capecitabine

3 Death

Ca BM 55 M 1 Recurrent, 
Locally 
advanced

P + C, GEM-
CIS, PEM, 
NABPACLI, 
METRO-
NOMIC

5th Nivolumab-
capecitabine

6 SD

YES Remarks DOIT DEATH DOD DLFU PD DOR DLFU

Ca Tongue On capecit-
abine only

13–7-2018 NO NO 28–9-2019 YES YES 28–9-2019
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the progression of the disease. Fatigue was seen in 66% of 
patients, 33% of patients had anemia, 2 patients required 
blood and albumin transfusion, 1 patient had hepatitis, and 
1 patient had pneumonia. Two patients developed IRAEs 
out of these 2, one patient died due to hepatitis and hepatic 
encephalopathy, and another patient died due to pneumonia 
and respiratory complications. None of the patients devel-
oped capecitabine-related side effects, because we used low-
dose oral metronomic capecitabine of 500 mg twice a day 

as compared to the standard dose of 1.25 mg per  m2. At the 
end of the 6 months, 66% of the patients were surviving.

Discussion

The 5-year prognosis in HNSCC remains around 50% at 
5 years and median overall survival (OS) in RM-HNSCC 
is less than 11 months [15]. The realization of long-term 

Table 2  (continued)

YES Remarks DOIT DEATH DOD DLFU PD DOR DLFU

Ca Orophar-
ynx

On palliative 
chemo-
immunother-
apy

24–1-2019 NO NO 7–7-2020 NO NO 7–7-2020

Ca BM Discontin-
ued i/v/o 
economic 
constraints, 
on Capecit-
abine only

17–6-2019 NO NO 9–4-2021 NO NO 9–4-2021

Ca Cricophar-
ynx

On palliative 
chemo-
immunother-
apy

8–12-2019 NO NO 15–3-2021 NO NO 15–3-2021

Ca Orophar-
ynx

On palliative 
chemo-
immunother-
apy

23–2-2020 NO NO 20–11-2020 NO NO 20–11-2020

Ca BOT On palliative 
chemo-
immunother-
apy

28–5-2020 NO NO 21–6-2021 NO NO 21–6-2021

Ca Cricophar-
ynx

On palliative 
chemo-
immunother-
apy

16–6-2020 NO NO 24–9-2021 NO NO 24–09-2021

Ca Hypophar-
ynx

Died due to 
hepatitis and 
HE

9–8-2020 YES 12–1-2021 NO NO NO NO

Ca BOT On palliative 
chemo-
immunother-
apy

12–12-2020 NO NO 27–11-2021 NO NO 27–11-2021

Ca Tongue On capecit-
abine only

29–2-2021 NO NO 19–08-2021 YES YES 19–08-2021

Ca Hypophar-
ynx

Died due to 
pneumonia 
and respira-
tory compli-
cations

11–4-2021 YES 26–9-2021 NO NO NO NO

Ca BM Discontin-
ued i/v/o 
economic 
constraints, 
on Capecit-
abine only

7–6-2021 NO NO 24–3-2022 NO NO 24–3-2022
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durable responses in a subset of patients represents a 
transformative event. Since the 2011 FDA approval of 
ipilimumab (anti-CTLA4) for the treatment of metastatic 
melanoma, 5 additional checkpoint blockade therapies, all 
targeting the PD-1/PD-L1 axis, have been approved for 
the treatment of a broad range of tumor types. Immune 
checkpoint blockade removes inhibitory signals of T 
cell activation, which enables tumor-reactive T cells to 
overcome regulatory mechanisms and mount an effective 
anti-tumor response [16, 17]. Nivolumab (anti PD-1), 
an FDA-approved immunotherapeutic agent used in our 
study, has shown promising responses according to West-
ern data [6–8, 18, 19]. This distinct mechanism of action 
has translated into clinical efficacy; impressive results have 
been seen in large international trials of metastatic solid 
tumors, initially in the relapsed setting and now, increas-
ingly, in the frontline [20–25]. Although these drugs have 
durable responses, their utilization in the Indian setting is 
a challenge as they are very expensive and there is lim-
ited data in the Indian scenario. The cost and financial 

limitations of cancer care in the Indian population cannot 
be overstated [26].

Metronomic chemotherapy (MCT) also known as 
“multi-targeted therapy” involves repeated administration 
of conventional anti-neoplastic agents at very low doses 
(1/10th–1/3rd of the maximum tolerated dose [MTD]) 
without a long drug-free period with minimal or no adverse 
effects and a rare chance of developing acquired drug resist-
ance. The scientific basis for MCT is that in conventional 
chemotherapy, the vascular endothelial cell death effect can-
not be sustained because endothelial cells get a chance to 
recover during treatment breaks and this may be overcome 
by frequent administration of chemotherapy drugs at doses 
below the MTD and with no prolonged drug-free break, thus 
achieving a sustained low blood level of the drug without 
significant toxic side-effects [27, 28]. Metronomic chemo-
therapy also exerts anti-tumor effects on the immune system 
(immunomodulation) and tumor cells. The goal of immuno-
therapy is to enhance host anti-tumor immunities.

Inhibitory immune checkpoint receptors (CTLA-4, PD-1, 
and PD-L1) were increased in TILs. PD-L1 expression in 
HNSCC was described in 66 to 87% of HNSCC primary 
tumors [19]. So far, the only fully published randomized 
phase III trial (Checkmate 141) compared nivolumab with 
standard-of-care therapy in patients with recurrent/meta-
static HNSCC refractory to platinum therapy. Survival rates 
after 1 year were more than doubled with nivolumab (16.6 
vs 36%) [18, 29].

Various chemotherapeutic agents are utilized to achieve 
adequate locoregional control. Cisplatin, fluorouracil (FU), 
and taxanes are often used to treat HNC but these regimens 
have shown high toxicity and poor patient compliance. 
Capecitabine is an orally administered prodrug that is prefer-
entially converted to FU in tumor cells in comparison to nor-
mal cells, by exploiting the higher thymidine phosphorylase 
activity in tumoral tissue. Various phase II trials conducted 

Fig. 1  Water fall chart of 
patients with various types of 
responses

Fig. 2  Kaplan–Meier Survival Analysis curve of patients at 6 months
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on capecitabine in the management of recurrent HNC have 
shown comparable results and tolerable toxic effects, espe-
cially in pre-treated fragile patients. Capecitabine, used in 
induction or concurrent settings in the radical management 
of locoregionally advanced HNC, has also shown promising 
results. Oral capecitabine administration offers an alterna-
tive to the more inconvenient, i.v., administration of 5FU 
and seems to be an active, feasible, and well-tolerated mode 
of palliative treatment for advanced HNSCC patients who 
have previously received platinum-based treatment sched-
ules. Given all these characteristics, this treatment may be 
considered a suitable therapeutic alternative in a palliative 
setting [30, 31].

Paradoxically, many of the chemotherapeutic compounds 
tend to become essential to promote the activity of immuno-
therapy and to offer a sustained therapeutic effect. The major 
cytotoxic drugs—carboplatin, cisplatin, cytarabine, dacar-
bazine, docetaxel, doxorubicin, ecteinascidin, etoposide, 
fluorouracil, capecitabine, gemcitabine, irinotecan, oxalipl-
atin, paclitaxel, and pemetrexed—all can up-regulate PD-L1 
expression on cancer cells (via the generation of danger sig-
nals) and promote anti-tumor immunogenicity, via activa-
tion of cytotoxic T lymphocytes, maturation of antigen-pre-
senting cells, depletion of immunosuppressive regulatory T 
cells, and/or expansion of myeloid-derived suppressor cells. 
The use of “immunocompatible” cytotoxic drugs combined 
with anti-PD-(L)1 antibody is a modern approach, not only 
for increasing the direct killing of cancer cells but also as a 
strategy to minimize the activation of immunosuppressive 
and cancer cell pro-survival program responses [11].

Repeated cycle treatment with 5-FU or capecitabine tends 
to repress the anti-tumor immune functions and elevate the 
expression of PD-L1 on tumor cells. The drug initially pro-
motes proliferation and cytotoxicity of tumor-infiltrating 
 CD8+ T cells after one cycle of treatment, but after repeated 
cycles, the anti-tumor immune functions get impaired, with 
the release of immune-suppressive factors such as transform-
ing growth factor beta and interleukin 10 (IL-10). This trend 
could diminish the anti-tumor efficacy of the chemotherapy. 
5-FU up regulates PD-L1 and this early induction of PD-L1 
expression is beneficial when combining the drug with an 
anti-PD-L1 antibody. The combined treatment of 5-FU + an 
anti-PD-L1 mAb displays a greater efficacy compared to 
5-FU or immunotherapy alone [32, 33].

Rationale

Most of the cancer patients in developing countries present 
to us with stage IV disease. Metronomic chemotherapy 
decreases angiogenesis, decreases therapeutic resistance, and 
targets cancer stem cells and anti-tumor immunity. In this era 
of immunotherapy, combining immune checkpoint inhibi-
tion with metronomic administration of chemotherapeutic 

drugs may create a synergistic effect that augments anti-
tumor immune responses and clears metabolic competition. 
This would allow immune-mediated elimination of therapy-
resistant cancer cells, an effect that may be unattainable by 
using either therapeutic modality alone [34].

Background

Therapeutic resistance remains a major obstacle in treating 
many cancers, particularly in advanced stages. Cytotoxic 
lymphocytes (CTLs) likely have the potential to eliminate 
therapy-resistant cancer cells. However, their effectiveness 
may be limited either by the immunosuppressive tumor 
microenvironment or by immune cell death induced by cyto-
toxic treatments. High-frequency low-dose (also known as 
metronomic) chemotherapy can help improve the activity 
of CTLs by providing sufficient stimulation for cytotoxic 
immune cells without excessive depletion. Additionally, 
therapy-induced removal of tumor cells that compete for 
shared nutrients may also facilitate tumor infiltration by 
CTLs, further improving prognosis. Metronomic chemo-
therapy can also decrease the number of immunosuppres-
sive cells in the tumor microenvironment, including regula-
tory T cells (Tregs) and myeloid-derived suppressor cells 
(MDSCs). When beneficial, metronomic therapy seems to be 
associated with the normalization of the tumor microenvi-
ronment including improvements in tumor perfusion, tissue 
oxygenation, and drug delivery as well as activation of the 
immune system. Immune checkpoint inhibition can further 
augment anti-tumor immune responses by maintaining T 
cells in an activated state [35–38].

The significance of this study is based on the mechanisms 
of action of both metronomic chemotherapy and immune 
checkpoint inhibitors; one can surmise that a combination 
of the two therapeutic approaches would have a synergistic 
effect for the following reasons [33–35].

1. Both immune checkpoint inhibitors and metronomic 
chemotherapy increase immune cell activation. While 
metronomic chemotherapy can promote tumor-spe-
cific immune activation, concurrent administration of 
immune checkpoint inhibitors would maintain the acti-
vated state of T cells.

2. Administration of metronomic chemotherapy would 
allow competition for nutrients between tumor and 
immune cells to be reduced via gradual removal of 
tumor cells. This would facilitate tumor infiltration by 
cytotoxic immune cells, which has been associated with 
improved clinical outcomes.

3. Experimental evidence has shown that blocking PD-L1 
directly on tumors dampens glycolysis, giving cytotoxic 
lymphocytes an additional competitive advantage.
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Drawbacks of the Study

1. As data on this type of study is very scarce, we did not 
get many of the studies based on our study protocol and 
most of the study cohort patients were in the end stage 
of their life and had received multiple lines of chemo-
therapy before the enrolment in the study, so we have 
stressed more on the basic information about the tumor 
microenvironment (TME) and mechanisms involved in 
inhibition of angiogenesis, tumor resistance, and the 
effect of immunotherapeutic drugs and metronomic 
chemotherapy drug combinations at immune cells and 
TME level.

2. Ideally, PDL1 testing should be done, even though the 
FDA approval of nivolumab is irrespective of PDL1 sta-
tus, but we have not done PDL1 because it is not manda-
tory for nivolumab therapy and most of the patients were 
at the end stage of best supportive care life and we just 
started the therapy of less toxic regimen like CMCI after 
proper counseling and consent, as we were not aware of 
the exact results and benefits as we do not have any data 
on this type of therapy.

3. Two deaths in a study population of 12 is a significant 
percentage, but in this study, the majority of patients 
were having stage IV and very advanced disease. Six, 
four, and two patients received CMCI as the 5th, 3rd, 
and 4th line of therapy. We cannot recommend based 
on this small study and will wait for more studies and 
data to come up with a good number of patients, and 
at this point of time, what we could think of is a less 
toxic regimen like CMCI as most of the patients were at 
the end stage of their life due to advanced stage of the 
disease and most of them had received multiple lines of 
chemotherapy.

4. As it is a small prospective observational study, more 
studies like phase III-RCTs with a higher number of 
patients with adequately matched patients are required 
to conclude.

Conclusions

A combination of immune checkpoint inhibitors and met-
ronomic chemotherapy may provide an avenue for tar-
geting therapy-resistant cells, including CSCs and TICs, 
without inflicting unacceptable toxicity, resulting in high 
treatment compliance, improved long-term outcomes for 
difficult-to-treat cancers, and improved patient quality of 
life. So, to conclude, nivolumab along with metronomic 
chemotherapy with low-dose capecitabine was very well 
tolerated and exhibited anti-tumor activity with a CBR 

of 66%, 6-month OS of 83.3%, and PFS of 66.6%, in an 
extensively pretreated patient population with HNSCCs 
with lesser side effects and better quality of life as com-
pared to conventional chemotherapy. Additional stud-
ies of nivolumab and metronomic chemotherapy and 
immuno-immuno combination therapy in these diseases 
are ongoing.
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