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Abstract
Blockade of the PD-1/PD-L1 pathway with targeted monoclonal antibodies has demonstrated encouraging anti-tumour activ-
ity in multiple cancer types. We present the case of a patient with BRAF-negative stage IVC anaplastic thyroid cancer (ATC) 
treated with the anti-PD-1 monoclonal antibody, pembrolizumab, following radiographic progression on chemoradiation. 
Blood samples were collected prior to and at four time points during treatment with pembrolizumab. Mass cytometry was 
used to determine expression of relevant biomarkers by peripheral blood mononuclear cells. Faecal samples were collected 
at baseline and 4 weeks following treatment initiation; taxonomic profiling using 16S ribosomal RNA (rRNA) gene sequenc-
ing was performed. Following treatment, a marked expansion in CD20+ B cell, CD16+ CD56lo NK cell and CD45RO+ 
CCR7+ central memory CD4+ T-cell populations was observed in the peripheral blood. Proportions of cells expressing the 
co-receptors TIGIT, OX40 and CD86 also increased during treatment. A high abundance of bacteria of the order Bacteroi-
dales, specifically from the Bacteroidaceae and Rikenellaceae families, was identified in the faecal microbiota. Moreover, the 
patient’s microbiome was enriched in Clostridiales order members Ruminococcaceae, Veillonellaceae and Lachnospiraceae. 
Alpha diversity of the gut microbiome was significantly higher following initiation of checkpoint therapy as assessed by 
the Shannon and Simpson index. Our results suggest that treatment with pembrolizumab promotes expansion of T-, B- and 
NK cell populations in the peripheral blood at the time of tumour regression and have the potential to be implemented as 
predictive biomarkers in the context of checkpoint blockade therapy. Larger studies to confirm these findings are warranted.
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CTC​	� Circulating tumour cells
EBRT	� External beam radiation therapy
FDG	� Fluorodeoxyglucose
FNA	� Fine needle aspiration
HL	� Hodgkin’s lymphoma
IMRT	� Intensity-modulated radiation therapy
irAEs	� Immune-related adverse events
MMT	� Multimodal therapy
NLR	� Neutrophil:lymphocyte ratio
pDCs	� Plasmacytoid dendritic cells
PET/CT	� Positron emission tomography/computed 

tomography
RCC​	� Renal cell carcinoma
sOTUs	� Individual sequence variants
Tfh	� Follicular T-helper cells
TPS	� Tumour proportion score
WBRT	� Whole-brain radiation therapy

Introduction

Anaplastic thyroid cancer (ATC) is a rare, undifferentiated 
carcinoma, with an annual incidence of 1–2 cases per mil-
lion people worldwide [1]. Whilst accounting for less than 
2% of thyroid cancers, ATC contributes to more than 50% of 
thyroid cancer-associated deaths [2]. Patients have a median 
survival of 3–5 months following diagnosis, and mortality 
rate of over 90% [3, 4]. Distant metastases are found in 
nearly 50% of patients at diagnosis, and a further 25% of 
patients develop metastases during disease progression [5]. 
The lung is the most common metastatic site (78%), fol-
lowed by the intrathoracic lymph nodes (58%), neck lymph 
nodes (51%), pleura (29%), adrenal glands (24%), liver 
(20%), and brain (18%) [6].

Management of ATC consists of surgical resection of the 
primary tumour in those with localised disease, followed 
by high-dose external beam radiation therapy (EBRT) with 
or without concurrent radio-sensitising chemotherapy for 
curative intent [7]. Nonsurgical palliative treatment consist-
ing of EBRT with or without concurrent chemotherapy can 
be offered to patients with unresectable disease [8]. How-
ever, substantial therapy-related toxicities arise following 
multimodal therapy (MMT), and patients with AJCC (also 
referred to as TNM) stage IVC disease derive limited benefit 
from even the most aggressive therapeutic approaches [9].

Programmed cell death protein 1 (PD-1) is an inhibitory 
molecule expressed on activated immune cells, including 
dendritic cells (DC), natural killer (NK) cells, monocytes, 
B cells, and T cells [10]. Binding of PD-1 to its ligand, pro-
grammed cell death ligand 1 (PD-L1) suppresses the cyto-
lytic activity and potentiates the apoptosis of CD8+ T cells 
[11]. Checkpoint inhibitors targeting the PD-1/PD-L1 path-
way are efficacious in a range of cancers including non-small 

cell lung cancer (NSCLC), melanoma, and renal cell can-
cer (RCC) [12]. However, only a fraction of patients ben-
efit from anti-PD-1/PD-L1 monotherapies, with objective 
responses ranging from 5% to 55% [13].

Recent studies of PD-1/PD-L1 checkpoint blockade in the 
treatment of ATC have garnered mixed results. In a series of 
12 ATC patients treated with salvage pembrolizumab after 
progression on kinase inhibitors, 42% demonstrated a par-
tial response and 33% experienced stable disease [14]. An 
exceptional response was reported in a BRAF mutant and 
PD-L1-positive ATC patient treated with the anti-PD-1 anti-
body nivolumab following progression on the BRAF inhibi-
tor vemurafenib [15]. The patient remained in complete 
radiographic and clinical remission 20 months after starting 
treatment. An overall response rate of 17% was observed in 
30 ATC patients treated with single-agent spartalizumab, a 
PD-1-directed mAb [16]. Moreover, in a phase 2 study, all 
3 patients died less than 6 months following treatment with 
pembrolizumab combined with docetaxel/doxorubicin and 
intensity-modulated radiation therapy (IMRT) [17], a dis-
appointing survival outcome when compared to historical 
control methods. Several clinical trials investigating PD-1/
PD-L1 inhibitors as monotherapy or in combination in ATC 
are presently underway (NCT02688608, NCT03211117, 
NCT03246958, NCT03181100). Currently, assessment 
of tumoral PD-L1 expression via immunohistochemistry 
(IHC) is the most widely implemented biomarker; however, 
its predictive capabilities are limited, with patients who 
express no or low tumoral PD-L1 experiencing long-term 
benefit [18–20] and patients with high PD-L1 unresponsive 
to treatment [21]. Tumour mutational load, mismatch repair 
deficiency, peripheral blood markers and the gut microbi-
ota have been explored as alternate predictors of treatment 
response [22]. Further research establishing comprehensive 
biomarker panels is necessary to improve patient outcomes.

Here we present the case of a patient with BRAF-negative 
stage IVC ATC who demonstrated a response to checkpoint 
immunotherapy (anti-PD-1, pembrolizumab), and an analy-
sis of candidate biomarkers.

Patient history

A 53-year-old man with previous asbestos exposure and a 
50-pack year smoking history presented with a right-sided 
chest wall mass in May 2017. The patient underwent a com-
puted tomography (CT) scan of the chest, which showed 
right pleural effusion and a soft tissue mass involving the 
right chest wall between the 8th and 9th ribs, 2.8 cm in 
width. There was also evidence of slight fullness of the left 
lobe of the thyroid gland. Six weeks later, a biopsy of the 
chest wall lesion revealed extensive tumour necrosis with 
a malignant spindle cell neoplasm, markedly pleomorphic 
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nuclei and frequent mitosis. A fine needle aspiration (FNA) 
biopsy of the thyroid nodule was suspicious for a neoplasm 
with highly atypical features. A diagnosis of sarcomatoid 
mesothelioma was favoured.

A positron emission tomography/computed tomogra-
phy (PET/CT) staging scan was performed, demonstrat-
ing intense fluorodeoxyglucose (FDG) accumulation in the 
6.0 × 4.0 cm soft tissue mass on the right chest wall. There 
was also intense FDG uptake in a large mass in the left lobe 
of the thyroid gland measuring 4.1 × 2.6 cm and in the right 
upper abdominal wall. A magnetic resonance imaging (MRI) 
scan confirmed these findings. These radiological findings 
were incongruent with the diagnosis of mesothelioma, par-
ticularly as the chest wall lesion appeared to arise from the 
muscle and not the pleura.

A biopsy of the left lobe of the thyroid revealed a hyper-
cellular tumour with strong vimentin and cytokeratin AE 
1/AE 3 positivity, and thyroglobulin, p63, calretinin and 
CK5/6 negativity, which is immunophenotypically incon-
sistent with mesothelioma. The thyroid biopsy was cyto-
logically identical to the core biopsy of the right anterior 
chest wall lesion, both being of a spindle cell malignancy 

with cytokeratin immunopositivity. A diagnosis of ATC with 
distant chest and abdominal wall metastases was made.

The patient completed high-dose palliative radiation to 
the thyroid (50 Gray in 20 fractions) and chest wall (40 Gray 
in 15 fractions) with three doses of concurrent weekly doxo-
rubicin (10 mg/m2), which was complicated by dehydration, 
malnourishment, fatigue and pharyngolaryngitis. Six weeks 
after starting treatment, the patient demonstrated radio-
graphic progression in the lungs and thyroid. IHC staining of 
the thyroid biopsy revealed an absence of the BRAF V600E 
mutation and very high tumoral PD-L1 positivity, with a 
tumour proportion score (TPS) of 100% (Fig. 1a, b). Given 
the strong PD-L1 expression, four doses of pembrolizumab 
(200 mg) was administered through a compassionate access 
protocol from the 10th January to the 30th March 2018.

A CT chest scan on the 19th of January revealed mul-
tiple pulmonary nodules, moderate right pleural effusion 
and approximately 20 hepatic metastases (Fig. 2a, b). After 
1 month of pembrolizumab therapy, a follow-up CT showed 
a reduction in size of a lung nodule (8 mm, previously 
12 mm in size), the right hilar lymph node (22 × 20 mm, pre-
viously 30 × 24 mm) and the largest of the hepatic metastases 

Fig. 1   Immunohistochemi-
cal (IHC) analysis of PD-L1, 
CD4+, CD8+ and CD20+ in 
patient tumour biopsies. a, b 
IHC staining for PD-L1 (brown) 
on chest wall biopsy. c IHC 
staining for PD-L1 (brown) 
on small bowel biopsy. d IHC 
staining for CD8+ on small 
bowel biopsy. e IHC staining for 
CD4+ on small bowel biopsy. 
f IHC staining for CD20+ on 
small bowel biopsy. Positive 
staining was visualized with 
DAB (brown colour indicates 
positivity) and counterstaining 
was performed with hematoxy-
lin. Magnification is indicated 
in each frame
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(17 mm, previously 25 mm) (Fig. 2d). The right pleural effu-
sion was resolving, with no new pulmonary nodules identi-
fied (Fig. 2c). A 53% reduction in total tumour burden was 
observed. A follow-up CT-guided biopsy of his lung nodule 
on the 30th May revealed a necrotic focus and presence of 
mesothelial cells, suggestive of therapeutic response to the 
anti-PD-1 therapy.

Three months after completing immunotherapy, a brain 
CT revealed multiple lesions indicative of cerebral metas-
tases (Fig. 3c, d). A CT performed in December 2017 had 
detected no intra- or extra-axial brain metastases (Fig. 3a, 
b). The patient completed a course of palliative whole-
brain radiotherapy on the 26th of June and was placed on 
dexamethasone.

On the 17th of August, a CT revealed a contained perfora-
tion into the small bowel. IHC of the small bowel resection 
confirmed metastatic ATC containing large areas of necro-
sis with secondary small bowel perforation. Many CD8+ T 
cells were present within the tumour (Fig. 1d), with CD4+ 
(Fig. 1e) and B cells (Fig. 1f) present to a lesser extent. 
PD-L1 was strongly expressed within the metastatic deposit, 
having a TPS of 100% (Fig. 1c). The CT revealed that the 
liver metastases had further reduced  in size (< 10 mm) 

(Fig. 3e, f). A repeat brain CT on the 17th of August dem-
onstrated stable disease with no new lesions identified.

Despite the ongoing extracranial response and stable 
intracranial lesions on imaging following immunotherapy 
and whole-brain radiation therapy (WBRT), the patient’s 
condition continued to deteriorate. He was transferred to 
a palliative care unit, where he passed away on the 23rd of 
September (9 months after commencing immunotherapy and 
16 months from his initial presentation).

Materials and methods

Study subjects and samples

Peripheral blood mononuclear cells (PBMCs) were isolated 
from EDTA-treated whole blood using Ficoll-Paque Plus 
(GE Healthcare, Uppsala, Sweden) and cryopreserved in 
vapour-phase liquid nitrogen. The results collected from the 
case study patient were compared to a cohort of nine healthy 
age- and gender-matched controls with a median age of 58. 
These controls provided information on the range of values 
in the healthy population.

Fig. 2   Imaging of major tumour sites through patient journey. a Pre-
treatment CT demonstrating multiple pulmonary nodules and right 
pleural effusion. b Pre-treatment CT showing the largest (25  mm) 
of 20 hepatic metastases. c Follow-up CT demonstrating a reduc-
tion in size of pulmonary nodules and near-complete resolution of 

right pleural effusion. d Follow-up CT showing a reduction in size 
of the largest hepatic metastasis. e, f Follow-up CT demonstrating a 
reduction in size of the largest hepatic metastasis (10 mm, previously 
25 mm). Arrows point towards nodules in initial scan
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Lymphocyte, neutrophil and white blood cell (WBC) 
counts from the 1st of January to the 6th of September were 
collected via the electronic medical records at Liverpool 
Hospital. The neutrophil-to-lymphocyte ratio (NLR) was 
calculated by dividing the absolute neutrophil count by the 
absolute lymphocyte count.

Immunohistochemistry

One formalin-fixed, paraffin-embedded tissue test section 
was stained for PD-L1 (clone 22C3), using the PD-L1 IHC 
22C3 PhamDx kit (supplied by SK006 DAKO North Amer-
ica, Inc.) with routine positive and negative control sections. 
The BRAF V600E immunostaining was performed on forma-
lin-fixed, paraffin-embedded tissue sections against positive 
controls, loaded onto a Leica Bond III Immuno-autostainer 
at 1:250 (clone VE1, Spring Bioscience).

Mass cytometry immunophenotyping

PBMCs were processed using previously published methods 
[23].

Bacterial composition assessment 
by high‑throughput sequencing

Faecal samples were collected at baseline and 4 weeks fol-
lowing treatment initiation. DNA extraction from 100 mg 

of faeces was performed using the commercially available 
Power Fecal DNA isolation Kit (MO BIO, #12830-50) 
according to the manufacturer’s protocol. DNA integrity was 
assessed by 1% agarose gel electrophoresis. Primers 0008F 
(5′-AGA​GTT​TGA​TCC​TGG​CTC​AG-3′) and 0532R (5′-TAC​
CGC​GGC​TGC​TGG​CAC​-3′) were used to amplify the first 
500 bp of the 16S rRNA gene [24]. DNA was submitted to 
the Western Sydney University Next Generation Sequencing 
Facility for analysis. All DNA samples were initially purified 
using the Agencourt AMPure XP Beads (Beckman Coul-
ter) followed by the quality and quantity assessment using 
the Lab Chip DS (Perkin Elmer) and the Quant-iT™ Pico-
Green (Thermo Fisher Scientific), respectively. The primer 
set 27F/519R targeting the V1–V3 region of 16S gene was 
used for metagenomic sequencing [25]. The final libraries 
were run on Illumina MiSeq platform using a paired-end 
2 × 300 bp sequencing.

Microbiome analysis

16S rDNA amplicons were processed using the QIIME2 
pipeline (qiime2.org [26]) as follows: individual sequence 
variants (sOTUs) were identified using the DADA2 denois-
ing package [27] which also merged paired sequences, 
removed chimeric sequences and reads with ambiguous 
bases. Taxonomy was assigned to sOTUs using the Q2 
implementation [28] of a scikit-learn naive Bayes machine 
learning classifier [29] trained using the Greengenes 

Fig. 3   Brain imaging prior to 
and following pembrolizumab 
treatment. Brain CT performed 
in December 2017 with no 
intra- or extra-axial brain metas-
tases (a, b). Brain imaging of 
patient on the 7th June 2018 (c, 
d) showing multiple contrast-
enhancing intraparenchymal 
mass lesions consistent with 
cerebral metastases. There is 
surrounding vasogenic oedema 
and local mass effect with a 
4-mm midline shift towards 
the right. Arrows point towards 
mass lesions
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database V13_8 [30] and exported as relative abundance 
data. To ensure even sampling depth, samples were rarefied 
to 21186 reads. Alpha diversity metrics (sOTU richness and 
the Simpsons Index) were calculated using the ‘diversity” 
package of QIIME2.

Results

Neutrophil‑to‑lymphocyte ratio

Neutrophil-to-lymphocyte ratio (NLR), a marker of systemic 
inflammation, is a strong prognostic marker in several can-
cer types [31–34]. Recently, two meta-analyses confirmed 
that an elevated pre-treatment NLR is associated with poorer 
outcomes in cancer patients receiving immunotherapy [35, 
36]. Levels of circulating WBCs, lymphocytes and neutro-
phils during and following treatment cessation are illus-
trated in Fig. 4. After an initial drop to below 1 × 109 cells/L 
(NLR = 26.2), levels of circulating lymphocytes increased 
and remained within normal levels both during and 3 months 
following pembrolizumab treatment (Fig. 4b). Throughout 
this period, the patient had no evidence of disease progres-
sion. In contrast, pre-therapy levels of neutrophils were 
nearly twice the upper limit of normal (Fig. 4c). During 
treatment, neutrophil counts declined and remained within 
the normal range (NLR = 2.11). Interestingly, 1 month fol-
lowing the final dose of pembrolizumab, the patient’s neutro-
phil count rebounded from 3.8 × 109ng/L to 7.4 × 109ng/L, 
and remained above the normal range preceding the detec-
tion of cerebral metastases by CT. Lymphocyte levels also 
reduced significantly at the time of cerebral metastases. The 
patient’s levels of WBCs, lymphocytes and neutrophils fluc-
tuated following his bowel perforation, and for the remainder 
of the follow-up period.

Blood lymphocyte studies

Immunophenotyping of PBMCs was performed using 
cryopreserved samples collected prior to commenc-
ing pembrolizumab, and at four time points during treat-
ment. Compared to nine age- and sex-matched control 
subjects, the patient demonstrated a baseline elevation in 
CD45RO− CCR7− effector CD8+ T cells, consistent with 
the development of a T-cell-mediated immune response 
(Fig. 5a). Regulatory T cells (Tregs) expressing the tran-
scription factor Foxp3 and low levels of CD127 were also 
prevalent both prior to and following immunotherapy 
(Fig. 5a).

The patient’s pre-treatment CD20+ B cells were reduced 
more than threefold compared to controls. However, during 
treatment, a dramatic rise in B lymphocytes was observed, 
expanding more than fivefold (Fig.  5b, c). A marked 

elevation in circulating CD16+ Cd56lo NK cells was also 
detected. Whilst patient pre-treatment proportions of CD16+ 
NK cells were reduced threefold, by the final sample, they 
reached levels similar to healthy controls (Fig. 5b, c).

An increase in CD45RO+ CCR7+ central memory CD4+ 
T cells, PD-L1+ plasmacytoid dendritic cells (pDCs), 
CD4+ CD8+ double-positive T cells and HLA-DR +/CD14/
CD11c myeloid dendritic cells (mDCs) was also observed 
(Fig. 5b, c). Proportions of cells expressing TIGIT, a coin-
hibitory receptor, and OX40, a co-stimulatory receptor, 
also increased within CD8+, CD4+, Tregs and NK cells 
throughout the follow-up period. Moreover, mDCs, pDCs 
and monocytes all displayed increased expression of the co-
stimulatory receptor CD86 during treatment (Fig. 5b).

Microbiome analysis

Faecal samples were collected prior to and at 1-month post-
treatment. Taxonomic profiling using 16S ribosomal RNA 
(rRNA) gene sequencing was performed. The main bacte-
rial phyla Firmicutes and Bacteroidetes remained relatively 
stable across the two time points (Fig. 6c). A high abundance 
of bacteria of the order Bacteroidales, specifically from the 
Bacteroidaceae and Rikenellaceae families, was identified 
in the faecal microbiota (Fig. 6b). Moreover, the patient’s 
microbiome was enriched in Clostridiales order members 
Ruminococcaceae, Veillonellaceae and Lachnospiraceae 
(Fig. 6b). Alpha diversity (within-sample diversity) of the 
gut microbiome was significantly higher following initiation 
of checkpoint therapy as assessed by the Shannon and Simp-
son index (Fig. 6d). Whilst bacterial genera proportions dif-
fered between time points, they were not significantly altered 
by pembrolizumab treatment (Fig. 6a).

Discussion

We describe a patient with stage IVC ATC who experienced 
a radiographic response following four doses of pembroli-
zumab. The patient demonstrated a 53% reduction in total 
tumour burden, and during the follow-up period, his liver 
metastases continued to reduce in size. However, cerebral 
metastases were identified in a brain CT 8 months after the 
initiation of therapy.

Brain metastases are a significant predictor of death 
and disease progression following treatment with immune 
checkpoint blockade [37]. The inferior central nervous sys-
tem (CNS) control exhibited by checkpoint inhibitors may 
result from their limited ability to penetrate the blood brain 
barrier (BBB) [38, 39]. However, inflammation and tumouri-
genesis may compromise the integrity of the BBB, allowing 
therapeutic agents and peripherally activated T cells into the 
tumour microenvironment [40]. Whilst immunotherapy as 
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Fig. 4   Longitudinal levels (× 109/L blood) of white blood cells 
(WBCs) (a) lymphocytes (b) and neutrophils (c) in ATC patient 
treated with pembrolizumab. Date of dose administration is indicated 
by the vertical red dotted lines. Normal value ranges are indicated by 

the horizontal grey lines (WBCs: 4.5–11 × 109/L (a), lymphocytes: 
1–3 × 109/L (b), neutrophils: 2–7 × 109/L (c)). Clinically significant 
events have been included on the x-axis. D dose. S sample collection
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monotherapy appears to have limited efficacy in cerebral 
metastases, the combination of immune modulators with 
additional therapies has yielded promising results [41]. In 
a recent trial, an intracranial response was observed in 16 
(46%) of 35 melanoma patients with asymptomatic untreated 
brain metastases receiving nivolumab and ipilimumab, 
compared with only 5 (20%) of 25 patients treated with 
nivolumab monotherapy [42]. All patients on nivolumab 
monotherapy experienced intracranial progression whether 

alone or concurrently with extracranial progression. How-
ever, these results may not be generalisable to patients with 
symptomatic brain metastases, or those requiring corticos-
teroids for symptomatic control, as for our patient. The use 
of corticosteroids prior to and during treatment with immune 
checkpoint blockade has been associated with poorer out-
comes, and may limit the efficacy of these immunothera-
pies in patients with brain metastases [43]. Additional stud-
ies are required to validate the use of immunotherapy as 

Fig. 5   Longitudinal monitoring of peripheral blood subsets in the 
ATC patient (a, b) Heat map of immunophenotyping results from 
patient time points (green) versus healthy controls (blue). Yel-
low indicates relative marker overexpression, blue indicates rela-
tive underexpression. c Longitudinal monitoring of peripheral blood 

subsets in the ATC patient. B cell, NK cell, pDC cell, mDC cell and 
T-cell subsets expressed as percentage of lymphocytes, calculated 
from mass cytometric analysis of longitudinal samples from the 
patient



1929Cancer Immunology, Immunotherapy (2019) 68:1921–1934	

1 3

a monotherapy and in combination with other treatment 
modalities for improving outcomes amongst patients with 
brain metastases.

Immune cell subsets in pre- and post-therapy blood sam-
ples have been correlated with certain outcomes to check-
point inhibition [23, 44–46]. We analysed peripheral blood 

Fig. 6   Differences in the gut 
microbiome prior to and during 
treatment with immunotherapy. 
a Main bacterial genera propor-
tions prior to (Sample 1 and 
Sample 2) and 1 month into 
(Sample 3 and Sample 4) the 
commencement of pembroli-
zumab treatment. Only bacterial 
genera representing more than 
1% of total reads on average are 
represented. b Bacterial family 
proportions pre- and post-treat-
ment. c Bacterial phyla propor-
tions pre- and post-treatment. 
d Observed sub-operational 
taxonomic units (sOTUs), Shan-
non Index, Simpson Index and 
Inverse Simpson Index prior to 
(Sample 1 and Sample 2) and 
1 month into (Sample 1 and 
Sample 2) the commencement 
of pembrolizumab treatment
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immune cells via mass cytometry to identify biomarker(s) 
predictive of clinical response to PD-1 blockade in ATC. 
During treatment, B cells, NK cells, pDCs, and central mem-
ory CD4+ T cells all increased in frequency. An increase in 
circulating classical monocytes expressing CD86 was also 
observed.

B cells are required for optimal T-cell activation and sub-
sequent tumour regression [47, 48]. Chen et al. identified a 
B cell-derived expression signature predictive of response 
to immune checkpoint inhibitors in melanoma and urothelial 
carcinoma patients [49]. On multivariate analysis, this signa-
ture was the only independent predictor of patient response 
to treatment, whilst other biomarkers such as tumour muta-
tion burden and PD-L1 expression remained non-significant. 
However, B cell populations with regulatory functions 
(Bregs) can either directly attenuate anti-tumour immunity 
via IL-10 secretion or indirectly compromise anti-tumour 
immunity through production of TGFβ and the conversion 
of resting CD4+ T cells into Tregs [50]. Many studies docu-
menting Breg functions were performed using xenografts in 
mice where the immune system developed in the complete 
absence of B cells, potentially limiting their clinical rele-
vance. Collectively, these findings suggest that the depletion 
and enhancement of particular B cell populations may be 
of therapeutic value in cancer patients. Additional research 
identifying phenotypic markers that can distinguish between 
pro- and anti-tumorigenic B cells, and the conditions that 
regulate these subsets are needed.

NK cells are key effectors of anticancer immunity, capa-
ble of eliminating malignantly transformed cells without 
prior immunisation [51]. Functional deficiency of NK cells 
has been associated with an increased risk of developing var-
ious types of cancer [52]. Moreover, NK cell effector func-
tions are often impaired in cancer patients, with the extent 
of such dysfunction correlating with clinical prognosis [53]. 
In patients with relapsed or refractory Hodgkin’s lymphoma 
(HL) treated with pembrolizumab, a significant treatment-
induced expansion of T and NK cells was observed [54]. An 
increased frequency of CD56dim NK cells (mature NK cells 
with a high cytotoxic activity) was associated with improved 
survival in 67 melanoma patients receiving anti-CTLA-4 
treatment [55]. We similarly observed a threefold elevation 
in circulating CD16+ CD56lo NK cells during the period of 
patient response. Thus, NK cells may provide a valuable bio-
marker indicative of ongoing antitumor activity and patient 
response to treatment.

In the absence of a specific stimulus, recruitment of pDCs 
to tumours has been associated with an immunosuppressive 
microenvironment and poor patient prognosis [56–58]. How-
ever, in mice, pDCs could effectively induce anti-tumour 
CD8+ T-cell responses when appropriately stimulated 
[59]. Type I IFN derived from pDCs regulates long-term 
T-cell survival and memory Th1 polarisation, CD8+ T-cell 

cytotoxicity, and IFNγ production [59]. pDCs also increase 
NK cell-mediated cytotoxicity, induce differentiation and 
maturation of mDCs, and together with IL-6, prompt the 
differentiation of B lymphocytes into immunoglobulin-
secreting plasma cells [59]. In our patient, increasing levels 
of circulating pDCs may indicate that more are available in 
the lymph node to enhance the induction of tumour-specific 
T cells.

CD4+ T cells promote tumour regression through mul-
tiple mechanisms, including IL-2 secretion, augmentation 
of tumour-specific CD8+ T-cell function, or direct elimi-
nation of cancer cells [60]. An increase in the proportion 
of CD27+Fas− central memory CD4+ T cells was detected 
by both mass cytometry and flow cytometry in the periph-
eral blood of malignant melanoma patients who responded 
clinically to PD-1 blockade therapy [61]. The expansion of 
central memory CD4+ T cells observed in our patient was 
associated with a clear anti-tumour response, and may be 
predictive of better survival outcomes in patients with ATC 
and potentially other tumours.

Interestingly, an increased frequency of circulating 
FoxP3+ regulatory T cells was associated with improved 
progression-free survival (PFS) in patients receiving neo-
adjuvant ipilimumab for melanoma [62]. Moreover, Spitzer 
et al. reported that a subset of Tregs was elevated in respond-
ers 6 weeks following therapy commencement [63]. These 
expanded Tregs expressed lower levels of CD127 com-
pared to the remaining CD4+ T cells, indicative of activa-
tion, and lower levels of PD-1, suggesting that they were 
not exhausted. Our patient demonstrated elevated levels of 
CD127lo CD25+ FoxP3+ regulatory T cells both prior to 
and throughout pembrolizumab treatment. Similarly, no 
change in Tregs was observed in melanoma and breast can-
cer patients treated with pembrolizumab, whilst intratumoral 
CD8+ T memory cells expanded significantly [64, 65]. These 
results provide evidence of a critical role for CD4+ T cells 
in coordinating effective anti-tumour immunity; however, 
additional research is necessary to further delineate the role 
of Tregs following pembrolizumab treatment. Overall indi-
cators of a ‘normal’ healthy immune system either prior 
to or in response to treatment may be more important than 
individual subset changes in predicting patient outcomes.

Whilst single-agent anti-PD-1/PD-L1 therapies have dem-
onstrated promising clinical activity, response rates of 20% 
or less have been reported in several cancer types, including 
breast, RCC, and prostate cancer [66]. Our findings suggest 
that single-agent immunotherapy may be insufficient in the 
treatment of BRAF-negative stage IVC ATC. The efficacy 
of anti-PD1/PD-L1 treatment may be improved by simulta-
neously modulating other co-stimulatory and  co-inhibitory 
receptors [67] or combined activation of the innate immune 
system [68]. In our patient, TIGIT increased in expression 
throughout the follow-up period. TIGIT is an important 
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coinhibitory receptor expressed on activated T cells, NK 
cells, memory T cells, Tregs and follicular T-helper (Tfh) 
cells [69]. Dual blockade of TIGIT and PD-1 synergistically 
stimulates immune cell proliferation, cytokine production, 
degranulation, and reversal of CD8+ T-cell exhaustion with 
subsequent tumour rejection and induction of protective 
memory responses [70].

The co-stimulatory receptor OX40 also increased in 
expression in our patient, specifically on CD8+, CD4+, 
Tregs and NK cells. Agonists of activating immune check-
points such as OX40 enhance T-cell proliferation, cytokine 
production, survival, and memory development. In a phase 
I study, increased proliferation of both CD4+ and CD8+ T 
cells was observed following treatment with anti-OX40 anti-
body, with 40% of cases experiencing tumour shrinkage of at 
least one metastatic lesion [71]. MOXR 0916, a humanised 
IgG agonistic monoclonal OX40-specific antibody, dem-
onstrated no dose-limiting toxicities in combination with 
atezolizumab in patients with advanced solid malignancies 
(NCT02410512) [72]. By targeting these co-stimulatory 
and inhibitory pathways as they are detected in real-time 
during anti-PD1/PD-L1 treatment, clinicians may be able 
to overcome instances of innate or acquired resistance and 
improve patient outcomes. Multiple other combination ther-
apies, including chemotherapy, radiotherapy and targeted 
therapies, also hold great promise in improving outcomes in 
patients unresponsive to single-agent treatment [73]. Whilst 
combination therapy has the potential to enhance therapeutic 
responses, it may also increase the likelihood for immune-
related adverse events (irAEs) [74]. Future clinical trials will 
be necessary to determine whether combination therapies 
targeting other inhibitory pathways can successfully over-
come resistance in ATC patients and provide additional 
clinical benefit.

Numerous studies have demonstrated the role of the gut 
microbiome in modulating patient responses to immune 
checkpoint blockade [75–77]; however, contradictory 
findings have been reported (Supplementary Table 1). 
Our patient demonstrated a significant increase in alpha 
microbial diversity following treatment with pembroli-
zumab. Improved PFS rates and enhanced immune check-
point blockade efficacy were observed in melanoma, lung, 
renal, and bladder cancer patients with increased microbial 
diversity at baseline [75, 78]. Loss of microbial diversity 
(dysbiosis) has been associated with poorer outcomes fol-
lowing treatment with certain forms of cancer therapy. 
Antibiotic usage prior, during or shortly following the 
initiation of treatment with immune checkpoint block-
ade, significantly reduced PFS and overall survival (OS) 
in NSCLC and RCC patients [75]. Taxonomic profiling 
revealed that our patient’s microbiome was enriched in 
Clostridiales order members Ruminococcaceae, Veillonel-
laceae and Lachnospiraceae. Potentially, an unleashed 

T-cell response following immune checkpoint blockade 
could reshape gut microbial communities, change the 
number and proportion of some specific bacteria, and alter 
the function of bacterial species. Research aimed at under-
standing the function of different gut microbiome species, 
specific metabolic pathways activated by each species and 
the underlying mechanisms by which certain commensals 
interact with the immune system will allow us to poten-
tially manipulate the human gut microbiome to improve 
patient response to checkpoint inhibitors.

In summary, we have described a patient with BRAF-
negative stage IVC ATC who experienced a partial response 
following four doses of the PD-1 inhibitor pembrolizumab. 
Given the primary treatment resistance displayed by the 
tumour to chemoradiation in this patient, we speculate that 
PD-1 inhibition may have prolonged survival (16 months vs. 
a median of 5 months from the literature [79, 80]). Consist-
ent with the findings of earlier studies, treatment promoted 
the expansion of T, B and NK cell populations in the periph-
eral blood at the time of tumour regression. Such expansions 
have the potential to be used as predictive biomarkers during 
checkpoint blockade therapy. We demonstrate how serial 
biopsies can provide an ongoing picture of an individual 
patient’s molecular and microbiome profile prior to and 
throughout the course of treatment. Ultimately, this profile 
could be used by clinicians to make appropriate initial treat-
ment decisions, devise rational combination strategies and 
overcome acquired resistance. Future studies using larger 
cohorts should prospectively evaluate the use of candidate 
biomarkers to predict patient response to treatment.
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