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Abstract

Background Anaplastic thyroid cancer (ATC) is a rare and aggressive neoplasm. We still lack effective treatment
options, so survival rates remain very low. Here, we aimed to evaluate the activity of the combination of lenvatinib
and pembrolizumab as systemic first-line therapy in ATC.

Methods In a retrospective analysis, we investigated the activity and tolerability of combined lenvatinib (starting
dose 14 to 24 mg daily) and pembrolizumab (200 mg every three weeks) as first-line therapy in an institutional cohort
of ATC patients.

Results Five patients with metastatic ATC received lenvatinib and pembrolizumab as systemic first-line therapy.

The median progression-free survival was 4.7 (range 0.8-5.9) months, and the median overall survival was 6.3 (range
0.8-not reached) months. At the first follow-up, one patient had partial response, three patients had stable disease,
and one patient was formally not evaluable due to interference of assessment by concomitant acute infectious thy-
roiditis. This patient was then stable for more than one year and was still on therapy at the data cutoff without disease
progression. Further analyses revealed deficient DNA mismatch repair, high CD8* lymphocyte infiltration, and low
macrophage infiltration in this patient. Of the other patients, two had progressive disease after adverse drug reactions
and therapy de-escalation, and two died after the first staging. For all patients, the PD-L1 combined positive score
ranged from 12 to 100%.

Conclusions The combination of lenvatinib and pembrolizumab was effective and moderately tolerated in treat-
ment-naive ATC patients with occasional long-lasting response. However, we could not confirm the exceptional
responses for this combination therapy reported before in pretreated patients.
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Introduction

Anaplastic thyroid carcinoma (ATC) is the rarest type
of thyroid cancer with an incidence of approximately
1/1.000.000/year [1]. Unlike most other kinds of thyroid
cancers, it is an aggressive disease with an extremely poor
prognosis and a 5-year-survival of less than 10% due to
lack of effective treatment options for advanced disease
[1]. At time of diagnosis, nearly 50% of the patients have
distant metastases [2]. Until recently, systemic therapy
was limited to chemotherapy with very low response
rates and short-lasting efficacy [3].

However, targeted therapy approaches have recently
shown remarkable results leading to improved survival
rates in the respective subgroups of patients [4]. Effec-
tive therapies are available for ATC subtypes that pos-
sess a BRAF V600E mutation or certain gene fusions.
Novel therapeutic strategies for ATCs without identified
driver alterations are currently under investigation. Iyer
et al. showed that the PD-1 inhibitor pembrolizumab
can be effective as an additional salvage therapy after
disease progression under multikinase inhibitor therapy
[5]. Recently, a retrospective analysis demonstrated a sig-
nificant therapeutic effect of combined treatment with
lenvatinib and pembrolizumab in ATC patients after pre-
vious chemotherapy. Remarkably, the response rate was
high, with four out of six patients experiencing a partial
response and exceptionally long response durations with
a median progression-free survival (PFS) of 16.8 months
[6]. Monotherapy using lenvatinib or checkpoint inhibi-
tors has not demonstrated comparable results, respec-
tively [7, 8].

The preclinical rationale for using the anti-angioge-
netic kinase inhibitor lenvatinib with immunotherapy
for ATC has recently been reviewed by Boudin et al [9].
Lenvatinib targets VEGF, EGFR, and PDGF receptors,
among others, and is regularly used in differentiated thy-
roid cancer refractory to radioiodine treatment [9, 10].
While genetic alterations in the VEGF pathway have been
associated with aggressiveness in differentiated thyroid
cancer, respective data on ATCs is still scarce [11]. How-
ever, anti-angiogenetic kinase inhibitors are believed to
help overcome resistance to immunotherapy in a variety
of solid tumors [12].

Given the rapid progression of the disease, timely ini-
tiation of effective therapy is a key element for its suc-
cessful treatment. Data from BRAF V600E-positive
tumors and neoadjuvant treatment with dabrafenib and
trametinib illustrated that early initiation of an effective
treatment can lead to curative therapy options of oth-
erwise incurable diseases in ATC [13, 14]. Moreover, its
manifestation at a vulnerable site make ATC prone to
additional morbidity [15]. Therefore, promising therapy
options in ATC should be investigated as early as possible
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during the course of the disease. Here, we present real-
world outcome data on the activity of the combination
of lenvatinib and pembrolizumab as a systemic first-line
therapy regimen in ATC.

Methods

This retrospective cohort study was approved by the
Ethics Committee of Charité-Universititsmedizin Ber-
lin (EA1/238/22). Informed consent was not necessary
according to state legislations (Berliner Landeskrank-
enhausgesetz (LKG) of September 18, 2011, § 25).
Reporting followed the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) state-
ment for cohort studies.

Study design and population

This retrospective cohort study was conducted at a single
university healthcare center and data were collected from
patients who started therapy between January 2011 and
April 2022. Follow-up data were collected until Novem-
ber 2022. All patients who met the following inclusion
criteria were included: diagnosis of ATC and treatment
with lenvatinib and pembrolizumab as first-line therapy
for unresectable disease. The diagnosis was histopatho-
logically confirmed in all patients. In a secondary analy-
sis, we included patients who had ATC and were treated
with any other therapeutic agents as systemic first-line
therapy to demonstrate the general courses of therapy in
a tertiary healthcare center. We revised patients’ charts
and obtained available clinical records. Cases with miss-
ing follow-up data are indicated.

For all patients who received lenvatinib and pembroli-
zumab, radiological assessment was based on extensive
computed tomography (CT), magnetic resonance imag-
ing (MRI), and/or positron emission tomography (PET)-
CT using [*®F] fluorodeoxyglucose (FDG). Response
to therapy was assessed retrospectively based on the
Response Evaluation Criteria In Solid Tumors (RECIST)
1.1 criteria [16]. PFS was defined as the time from the
start of treatment until documented progressive disease
or death, overall survival (OS) as the time from the start
of treatment until death. Tumor size was determined as
the sum of the diameters of the target-lesions. Adverse
events were graded according to Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0.

H&E and immunohistochemical staining and image
analysis

The tissue samples were formalin-fixed, dehydrated
and paraffin-embedded. Consecutive tissue section of
2-3 pm thickness were prepared for H&E and immu-
nohistochemical staining. For H&E staining, the sec-
tions were stained for 8 min in acidic haemalum staining
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solution (Waldeck) and for 2.5 min in eosin staining
solution (Sigma-Aldrich) using a Tissue-Tek Prisma Plus
slide stainer (Sakura). Immunohistochemical staining
was performed on Leica Bond III, Leica Bond Max (both
Leica Biosystems) and Ventana BenchMark XT (Ven-
tana) immunostainers according to standard protocols
provided by the manufacturer. Tissue sections were sub-
jected to heat-induced antigen retrieval and endogenous
peroxidase blocking, and subsequently incubated with
primary antibodies for 30 min at room temperature. The
following antibodies were used: Rabbit anti-CD3 (poly-
clonal, Cat. No. A045201-2, 1:100, Dako/Agilent), Mouse
anti-CD8 (clone C8/144B, Cat. No. M7103, 1:100, Dako/
Agilent), Mouse anti-CD68 (clone PG-M1, Cat. No.
MO0876, 1:200, Dako/Agilent), Mouse anti-MLH1 (clone
M1, Cat. No. 790-5091, ready-to-use dilution, Roche/
Ventana), Mouse anti-MSH2 (clone G219-1129, Cat. No.
790-5093, ready-to-use dilution, Roche/Ventana), Mouse
anti-MSHB6 (clone SP93, Cat. No. 760—5092, ready-to-use
dilution, Roche/Ventana), and Rabbit anti-PMS2 (Clone
EPR3947, Cat. No. 760-5094, ready-to-use dilution,
Roche/Ventana). Next, the sections were incubated with
HRP-conjugated secondary antibody for 30 min at room
temperature, followed by incubation with DAB for 8 min
and counterstaining with hematoxylin and bluing reagent
for 12 min.

For image analysis, the stained tissue sections were
digitized using a Pannoramic SCAN 150 scanner
(3DHISTECH). Images were analyzed using the QuPath
software (version 0.3.2). For the detection of CD3%/
CD8" cells, the following parameters were used: Detec-
tion Image: Optical density sum, Minimum Area: 20 um?,
Nucleus DAB OD mean: 0.6, otherwise default settings.
The following parameters were used for the detection of
CD68" cells: Minimum Area: 20 um?, Cytoplasm DAB
OD mean: 0.2, otherwise default settings. The tumor area
was annotated by a pathologist. The proportion of posi-
tive cells within the tumor area was then calculated.

Molecular pathological analysis

For panel sequencing, FFPE tumor tissue samples were
retrieved and tumor-enriched areas were macrodis-
sected. DNA was extracted using the Maxwell RSC DNA
FFPE Kit (Promega, Cat. No. AS1450) and analyzed using
the Oncomine Focus DNA Assay (Thermo Fisher Scien-
tific, Cat. No. A35955). The DNA library was generated
using the Ion Chef System (Thermo Fisher Scientific, Ser.
No. GSS5PR-0102), and sequencing was performed by
an Ion Gene Studio S5 Prime (Thermo Fisher Scientific,
Ser. No. CHEF00675). Analysis of the data was assessed
by Sequence Pilot (JSI medical system, Version 5.4.0). In
patient 3, comprehensive genetic testing was performed
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by an external provider using the QIAseq Targeted Panel
during the patient’s treatment.

Statistical analysis
Descriptive statistics were performed, and graphs created
using GraphPad Prism version 5.04 (GraphPad Software).
The median and range were given for continuous vari-
ables, and frequency and percentage were given for cat-
egorical variables.

Results

Between January 2011 and April 2022, 13 patients with
advanced unresectable ATC were treated with systemic
therapy at our institution. Of these, five patients have
received lenvatinib and pembrolizumab as systemic
first-line treatment (Table 1) between October 2020 and
November 2022. Lenvatinib was started at 24 mg daily
in three patients and at 14 mg daily in two patients.
Pembrolizumab was administered at a dose of 200 mg
every three weeks. All five patients received previous or
concomitant external beam radiation therapy (EBRT).
Patient 1 received palliative EBRT for symptomatic bone
lesions with 30-33 Gy per lesion. Patients 2—5 received
palliative EBRT for cervical lesions in order to accom-
plish rapid local tumor control. Here, EBRT was started
shortly before or after initiation of systemic therapy (after
a median of 14.5 (range -4—32) days) with a median of
41.5 (range 39-45) Gy. None of the patients underwent
previous chemotherapy or curatively intended surgery,
but all patients underwent diagnostic surgery. Follow-
up examinations were available for all patients, and no
patient was lost to follow-up at the data cutoff. Most
patients had ATC stage IVC with lymphatic or pulmo-
nary metastases (Table 1).

The median time to the first follow-up radiological
assessment was 2.1 (range 0.8—2.9) months. In the first
staging, one patient (patient 2) had partial response
(PR), three patients (patients 1, 4, 5) had stable disease
(SD) and the response in one patient (patient 3) was for-
mally not evaluable as the primary lesion could not be
assessed after surgery. For patients 1+2, therapy was
later de-escalated due to adverse drug reactions. Both
patients then experienced disease progression with new
lesions, while the size of the baseline lesions continued
to decrease (Fig. 1A). Patients 445 died after the first
staging; due to deterioration of the general condition,
patient 4 had an early follow-up examination which for-
mally demonstrated stable disease but an increase in
tumor size (Fig. 1A). The patient died soon afterwards.
Patient 3 initially had concomitant acute infectious thy-
roiditis and abscess with lobectomy. Formal assessment
of the therapy response was hindered by inflammation
and surgery; therefore, the response was not evaluable
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Table 1 Baseline characteristics of patients with anaplastic thyroid cancer who received lenvatinib and pembrolizumab as first-line

therapy
Pembrolizumab + Lenvatinib
(n=5)
Age, median (range), years 65 (52-72)
Sex, No. (%) 5
w 2 (40)

Year of diagnosis, median (range)
ECOG performance status, No. (%)

2021 (2020-2021)

0 3(60)
1 1(20)
2 0(0)
3 1(20)
UICC stage at time of diagnosis, No. (%) 5
IVA 0(0)
VB 1(20), Patient 3
\e 4(80)
Hypothyroidism with levothyroxine substitution, 3(60)
No. (%)
Locations of metastases at time of diagnosis, No. (%) 5
Lymph nodes 4(80)
Pulmonary 4 (80)
Hepatic 1(20)
Bone 3 (60)
Intestinal 1(20)
Previous surgery (as per intention), No. (%) 5
diagnostic 4 (80)
curative 0(0)
other 1 (20), Patient 3: lobec-
tomy +abscess drainage
EBRT, No. (%) 5(100)
EBRT external beam radiotherapy, UICC Union internationale contre le cancer
A B
150 -©- Patient 1
-8 Patient 2 .|_ H L+P
Y . L mono
£ -+ Patient 4
B -~ Patient 5 am P mono
8 100 + 1 Pause
A N ~ Y n
[ N G— -
X 2
R I N ®
N a
» 1 I N 1
S
e | N
g ppl
~ [t iPD;
0 T T T T 1 T T T T T T T T T T 1
0 50 100 150 200 250 0 100 200 300 400 500
Time [days] Time [days]

Fig. 1 Development of tumor mass and course of therapy of patients with anaplastic thyroid cancer who received lenvatinib and pembrolizumab
as first-line therapy. A Spider-plot of change in total tumor mass after initiation of combination therapy with lenvatinib and pembrolizumab. Tumor
size was determined by the sum of diameters of target-lesions. B Time on therapies for patients initially receiving lenvatinib and pembrolizumab.
L+ P: lenvatinib and pembrolizumab, L mono: lenvatinib monotherapy, P mono: pembrolizumab monotherapy
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based on RECIST 1.1. An early first radiological follow-
up 1.1 months after the initiation of therapy revealed
suspect enlarged cervical lymph nodes (LN) without
fulfilling the criteria for PD. Therapy with lenvatinib
and pembrolizumab was continued, and the lesions
responded to treatment or remained stable in the sub-
sequent staging examinations so that the patient contin-
ued to be on therapy at the time of data cutoff after more
than one year of follow-up without signs of progression
(Table 2, Fig. 1B). Overall, the median PFS was 4.7 (range
0.8-5.9) months, and the median OS was 6.3 (range 0.8-
not reached) months.

Adverse events collected from the patients’ clinical
records included hypertension (1/5; grade 2), fatigue (2/5;
all grade 2), anorexia (3/5; 2 with grade 2, 1 with grade
3), hand-foot-syndrome (1/5; grade 1), diarrhea (1/5;
grade 1), proteinuria (4/5; all grade 1), abdominal pain
(1/5; grade 1), hemorrhages (1/5; grade 3), tubulointer-
stitial nephritis (1/5; grade 3), tracheoesophageal fistula
(1/5; grade 3), autoimmune hepatitis (1/5; grade 3), and
pleural and pericardial effusion (1/5; grade 1). Hypo-
thyroidism newly developed in both patients who were
euthyroid before initiation of systemic therapy. Levothy-
roxine treatment was adapted to achieve euthyroidism.
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In two patients (patients 2+3) who started lenvatinib
at 24 mg daily, the dosage was reduced to 14 mg due to
anorexia and fatigue. Adverse events that led to further
therapeutic adjustments were as follows: a) medication
discontinuation after 2.1 months and change to lenvatinib
monotherapy after 3.5 months due to drug-induced tub-
ulointerstitial nephritis in patient 1 and b) temporary
medication change to pembrolizumab monotherapy after
3.5 months due to tracheoesophageal fistula after a failed
attempt to place a percutaneous endoscopic gastrostomy
(PEG) tube in patient 2 (Fig. 1B). Later, patient 1 devel-
oped new cerebral and intestinal manifestations, whereas
patient 2 developed new LN and pulmonary metastases.
We collected additional data from the clinical records
and performed immunohistochemical analyses on the
patients’ tumor samples to identify potential biomarkers
predicting treatment response (Table 2). PD-L1 expres-
sion based on the combined positive score (CPS) ranged
from 12 to 100% (Table 2). In molecular pathological
analyses, two of the five patients (patients 2, 5) demon-
strated BRAF V600E mutations (Table 2). Interestingly,
patient 3 with ongoing treatment had immunohisto-
chemically confirmed DNA mismatch repair deficiency
(dMMR) (Fig. S1A), without shifts of microsatellite

Table 2 Response and potential biomarkers of patients with anaplastic thyroid cancer who received lenvatinib and pembrolizumab

as first-line therapy

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5
Best overall response SD PR not evaluable SD SD
Time on therapy, months 2.1 35 ongoing (12.7 +) 0.8 4.2
Progression-free survival, months 59 5.1 not evaluable 0.8 42
Overall survival, months 6.3 96 ongoing (12.7 +) 0.8 42
Histopathology
Ki-67, % 80 26 60 70 30
PD-L1,%
PD-L1TPS 15 90 90 10 90
PD-L11C 5 0 20 2 <1
PD-L1 CPS 20 90 100 12 90
DNA mismatch repair status pMMR pMMR dMMR (MLH1- PMS2-)* pPMMR pMMR
TILs (CD34), % 44 314 14.2 30.0 4.0
CD8+of TILs, % 72.1 338 95.7 60.7 429
TAMs (CD68 +), % 40.2 352 213 374 318
Molecular pathology, % allele frequency OFA OFA QlAseq Targeted Panel OFA OFA
BRAF p.V60OE - 6 - - 10
KRAS p.G12R - 53 - -
TP53 p.P153fs - - 56 - -
PIK3CA p.E545K - - - - 7
Lenvatinib starting dosage, mg 14 24 24 24 14

CPS combined positive score, dMMR deficient DNA mismatch repair, ICimmune cells, MSS microsatellite stable, OFA Oncomine Focus Assay, PD-L1 Programmed
cell death 1 ligand 1, pMMR proficient DNA mismatch repair, PR partial response, SD stable disease, TAM tumor-associated macrophages, TIL tumor-infiltrating

lymphocytes, TPS tumor proportion score
* Molecular pathology of MSS
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fragments in capillary electrophoresis. In addition, the
proportion of CD8* lymphocytes in all tumor-infiltrating
CD3" lymphocytes (TILs) was the highest in this patient,
while the proportion of tumor-associated CD68" mac-
rophages (TAMs) was the lowest (Fig. S1B, Table 2). Gen-
erally, an association of systemic treatment response with
PD-L1 expression could not be derived from our data
(Fig. S2).

Finally, we also gathered data of ATC patients who
received other systemic therapeutic agents as first-line
therapy between January 2011 and 2021. Eight patients
were included in this secondary analysis. All patients
received cytotoxic chemotherapy regimens (Table S1).
Of these, two patients were lost to follow-up, one patient
died before the first follow-up, and five patients had
available written follow-up data. All these patients had
progressive disease in the first follow-up staging after a
median time of 2.0 (range 1.6—3.0) months.

Discussion

In this single-center cohort analysis, we retrospectively
assessed the activity of a combined treatment regimen
using lenvatinib and pembrolizumab as first-line therapy
in patients with ATC. This regimen was a clinically effec-
tive systemic first-line therapy in four out of five patients.
One patient who received lenvatinib and pembrolizumab
was still on therapy after more than 1 year without signs
of progression. Two patients experienced disease pro-
gression after therapy de-escalation owing to adverse
events. Hence, we conclude that response to lenvatinib
and pembrolizumab can be long-lasting when the ther-
apy is well tolerated.

To the best of our knowledge, this is the first report on
outcome data of lenvatinib and pembrolizumab in treat-
ment-naive ATC patients demonstrating its activity in
combination with local radiation. This expands previous
data showing that the combination therapy can be effec-
tive in pretreated ATC patients [5, 6]. However, while the
first response to therapy was promising in most patients,
all but one patient suffered from disease progression
within six months. The median OS of 6.3 months found
in treatment-naive patients was comparable with that
of Iyer et al. who found a median OS of 10.4 months in
patients who received pembrolizumab as salvage therapy
after progression on lenvatinib [5]. However, it is much
shorter than that described by Dierks et al. in pretreated
ATC patients with a median OS of 16.5 months [6]. A
reliable comparison is hindered by the generally low
patient count in the studies, which may overly emphasize
outliers. Nevertheless, the studies consistently included
patients with advanced UICC stage tumors. However,
it remains unclear whether early initiation of lenvatinib
and pembrolizumab before other systemic therapies is

Page 6 of 9

favorable. In melanoma patients, a randomized phase
II study recently investigated the benefits of sequencing
ipilimumab before or after cytotoxic chemotherapy and
found an advantage for immunotherapy before chemo-
therapy, although the study did not reach full accrual
[17]. Based on the presented results, a prospective study
to further evaluate the efficacy as a systemic first-line
treatment option is warranted. Two prospective trials
are ongoing (DRKS00013336, NCT04171622) [18, 19],
and we hope to obtain further evidence on the efficacy
of lenvatinib and pembrolizumab in treatment-naive
patients and possibly improve patient selection. Addi-
tionally, these studies may explore the potential role of
the combination therapy in the neoadjuvant setting as
it has recently been suggested in two ATC cases [20].To
date, there are no validated biomarkers predicting the
effectiveness of lenvatinib and pembrolizumab in ATC.
However, Dierks et al. found a PD-L1 TPS >50% or high
tumor mutational burden in patients with long-lasting
responses [6]. We observed varying PD-L1 expression
levels in the presented ATC cases. The immune profile
in thyroid cancer samples has recently been extensively
phenotyped [21]. Here, ATCs had the highest number of
TAMs and cytotoxic CD8" TILs. Similar findings were
observed in the present cohort. There has been increas-
ing evidence that TAM infiltration can attenuate the
effect of checkpoint inhibitors [22], and a correlation
between CD8* TIL infiltration and treatment outcomes
was recently demonstrated in a large meta-analysis [23].
Even though the presented data did not allow com-
parative analysis of long-term and non- or short-term
responders, it can be noted that patient 3 with ongoing
therapy had the lowest share of TAMs and the highest
proportion of CD8" cells within the TILs, in addition
to dMMR status. Interestingly, significant and especially
durable efficacy of pembrolizumab has recently been
shown in MSI-H/dMMR solid tumors regardless of can-
cer type [24]. Nevertheless, a larger cohort is necessary to
dissect the roles of these potential biomarkers for therapy
response in ATC.

Interestingly, patients 2 and 5 had BRAF V600E muta-
tions. As the BRAF state was unclear at time of diagnosis,
a treatment regimen including lenvatinib and pembroli-
zumab was initiated in both patients which has been
demonstrated to be effective in a case series of pretreated
ATC patients [6] and does not require results from
molecular phenotyping. PD-L1 expression was measured
but did not influence decision making because its role in
predicting efficacy of immunotherapy in ATC remains
unclear. Concomitantly, molecular pathology was per-
formed. Our institutional standard procedure comprises
an early staging if a BRAF-V600E mutation is found. In
case of disease progression a switch to BRAF-directed
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therapy is recommended. However, BRAF-directed ther-
apy for ATC is off-label in Germany. Owing to national
legislation, approval and initiation of targeted off-label
therapy can be considerably protracted. In case of stable
disease or response we prefer to continue lenvatinib and
pembrolizumab until disease progression. Patient 2 had
PR in the first staging after the initiation of lenvatinib and
pembrolizumab. In a later staging where PD was deter-
mined in this study (day 154), the interpretation had been
different at the time of treatment (ongoing response with
“reactive lymph nodes”). Hence, pembrolizumab mono-
therapy had been continued. When PD was apparent due
to new pulmonary lesions (day 230), lenvatinib was reini-
tiated as bridging therapy and the patient died soon after,
before approval for BRAF-directed therapy was granted
by health insurance (Fig. 1B). After tumor progression,
repeated molecular pathology revealed the BRAF V600E
mutation in an almost unaltered frequency (from 6%
to 2.5%), so that there was no indication of preferential
growth of the BRAF-mutated clone. In patient 5, BRAF-
directed therapy was not initiated since the patient had
stable disease in the first staging. In accordance with
positive results from a phase 2 trial, the combination
of dabrafenib and trametinib is recommended in BRAF
V600E-positive ATC patients if immediately available
at the time point of choosing a therapy regimen [25].
Whether the combination of lenvatinib and pembroli-
zumab is a valid treatment option in patients with BRAF-
mutated ATCs remains unclear: while we found transient
activity in both patients, a lower objective response rate
to the PD-1 inhibitor spartalizumab has previously been
demonstrated in ATC patients with BRAF V600E muta-
tion [7].

In a secondary analysis of eight historical cases, we
found that cytotoxic chemotherapy failed to stop tumor
progression in all cases. Nevertheless, the two presented
cohorts are too small to draw a reliable comparison
regarding treatment efficacy.

The combination of lenvatinib and pembrolizumab can
lead to serious adverse events. One patient in this study
had tracheoesophageal fistula. In a recent study inves-
tigating risk factors for the development of fistulas in
patients with lenvatinib for radioiodine-refractory thy-
roid cancer, EBRT was not found to be significantly asso-
ciated with the prevalence of fistulas [26]. However, there
was a noticeable numerical difference between patients
with a fistula (57% with previous EBRT) and those with-
out (36% with previous EBRT). As local radiotherapy in
ATC is regularly administered at the time of diagnosis,
using lenvatinib and pembrolizumab as systemic first-
line therapy might potentially come with a higher risk
to develop a fistula than using it later. Still, in a large ret-
rospective analysis EBRT has recently been associated
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with improved disease-specific survival in ATC [27]. In
ATC, local tumor aggressiveness drives complications
and mortality. About 20-30% of ATC patients demon-
strate airway problems already at initial presentation
so that tracheostomy is a common therapeutic conse-
quence to prevent airway collapse and suffocation [28].
Tracheostomy drastically reduces the patients’ quality of
life. Despite the potentially higher risk for local adverse
effects, lenvatinib and EBRT were combined in the
treatment of patients 2—5 with pronounced local tumor
extension to achieve rapid local tumor control and to
avoid local ATC-mediated complications. However, it is
important to point out that patients in this study received
doses up to 45 Gy while recent data suggests higher effec-
tiveness of doses above 60 Gy per lesion [29]. This deci-
sion was made to reduce the risk for local adverse effects
during treatment with the combination of lenvatinib and
EBRT. The consequence of calculating the risks and ben-
efits of concomitant ERBT and lenvatinib therapy in ATC
still needs to be determined.

Interestingly, proteinuria developed in 4 out of 5
patients while hypertension occurred only in 1 out of 5
patients even though hypertension is often thought to
bring about proteinuria. However, lenvatinib inhibits
signaling via VEGF receptors 1-3. VEGF inhibition has
been shown to induce thrombotic microangiopathy in
the kidney [30]. While hypertension can be the principal
driver of kidney dysfunction and proteinuria, these side
effects have also been described to occur independently
in patients treated with tyrosine kinase inhibitors [31].

The presented analysis has obvious limitations due to
its retrospective nature and small cohort. In particular,
the assessment of adverse events and their grades can-
not be as systematic as that in a prospective trial. The low
patient count did not allow for further statistical assess-
ment of the therapy response or biomarker relevance. It
has to be noted that a median OS of approximately six
months with occasional long-term responders is not an
uncommon finding in case series on ATC [32, 33]. Nev-
ertheless, we regard the presented findings relevant for
two reasons: first, despite promising results in the here
presented cohort of treatment-naive ATC patients who
received lenvatinib and pembrolizumab, we were not able
to replicate the exceptionally positive data from a case
series on heavily pretreated ATC patients [6]. Second,
comprehensive characterization of long-term respond-
ers may guide researchers and support patient selection
in the future.

In summary, we were able to provide first evidence that
lenvatinib and pembrolizumab are active in treatment-
naive ATC patients. If the combination is well tolerated,
patients may respond long-lastingly. Biomarkers known
from other tumor types, such as MMR status, TAM,
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and CD8* TIL infiltration may play a relevant role in the
identification of suitable candidates. We highly endorse
performing a prospective randomized controlled trial to
investigate the effectiveness of this combination therapy
as first-line therapy in ATC, with a focus on the identifi-
cation of predictive biomarkers.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512902-024-01555-y.

Supplementary material 1.

Supplementary material 2.

Acknowledgements
We thank Stefan Barthel for excellent assistance in identifying relevant patients
for this study.

Authors’ contributions

D.S, KM, UK, MTM, and J.S. prepared the manuscript. D.S., M.J, and KM.
researched data. D.S. and K.M. were responsible for data analysis. PB., ZK, and
D.H. performed histological staining, molecular analyses, and pathological
evaluation. A.F. and T.P. performed radiological assessments and retrospective
response classification. All the authors critically read and edited the drafts prior
to submission. All authors have read and approved the submitted version.

Funding

Open Access funding enabled and organized by Projekt DEAL. This research
did not receive any specific grant from any funding agency in the public,
commercial or not-for-profit sector. KM. was supported by the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation)—Project-ID
424957847—TRR 296. Open Access funding enabled and organized by Projekt
DEAL.

Availability of data and materials
The datasets generated and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study protocol was approved by the Institutional Review Board of the

Charité Medical School (EA1/238/22). Informed consent was not necessary
according to state legislations (Berliner Landeskrankenhausgesetz (LKG) of
September 18,2011, § 25). All the analyses were conducted in accordance
with the principles of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests

T.P. was supported by the Berlin Institute of Health (Clinician Scientist Grant,
Platform Grant), Ministry of Education and Research (BMBF, 01KX2021,
68GX21001A), German Research Foundation (DFG, SFB 1340/2), European
Union (H2020: 952172, DIGITAL:101100633) and reports research agreements
(no personal payments, outside of submitted work) with AGO, Aprea AB,
ARCAGY-GINECO, Astellas Pharma Global Inc. (APGD), Astra Zeneca, Clovis
Oncology, Inc,, Dohme Corp, Holaira, Incyte Corporation, Karyopharm, Lion
Biotechnologies, Inc,, MedImmune, Merck Sharp, Millennium Pharmaceuticals,
Inc,, Morphotec Inc, NovoCure Ltd., PharmaMar S.A. and PharmaMar USA, Inc.,,
Roche, Siemens Healthineers, and TESARO Inc,, and fees for a book translation
(Elsevier).

PB. is participant in the BIH Charité Clinician Scientist Program funded by

the Charité — Universitatsmedizin Berlin and the Berlin Institute of Health at
Charité (BIH).

Page 8 of 9

All other authors declare no competing interests.
We declare that there are no conflicts of interest that could be perceived as
prejudicing the impartiality of the research reported.

Author details

'Department of Endocrinology and Metabolism, Charité Universitatsmedizin
Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-Universitat

Zu Berlin, Luisenstr. 13, 10117 Berlin, Germany. ?Institute of Pathology, Charité
Universitatsmedizin Berlin, Corporate Member of Freie Universitat Berlin,
Humboldt-Universitat Zu Berlin, Berlin, Germany. *Berlin Institute of Health

at Charité - Universitatsmedizin Berlin, Berlin, Germany. 4German Cancer
Consortium (DKTK) and German Cancer Research Center (DKFZ), Heidelberg,
Germany. °Department of Radiology (CVK), Charité - Universitatsmedizin
Berlin, Corporate Member of Freie Universitat Berlin, Humboldt-Universitat Zu
Berlin, 13353 Berlin, Germany. ®Department of Endocrinology and Metabolism,
Charité - Universitatsmedizin Berlin, Corporate Member of Freie Universitat
Berlin, Humboldt-Universitat Zu Berlin, 10117 Berlin, Germany. ’Department
of Surgery, Campus Charité Mitte | Campus Virchow-Klinikum, Charité - Univer-
sitdtsmedizin Berlin, Corporate Member of Freie Universitét Berlin, Humboldt-
Universitat Zu Berlin, Berlin, Germany. 8Charité-Center for Cardiovascular
Research (CCRY), Berlin, Germany. °DZHK (German Centre for Cardiovascular
Research), Partner Site Berlin, Berlin, Germany. '°German Center for Diabetes
Research (DZD), 85784 Neuherberg, Germany. ' NutriAct-Competence Cluster
Nutrition Research Berlin-Potsdam, 14558 Nuthetal, Germany. '>’Comprehen-
sive Cancer Center, Charité - Universitatsmedizin Berlin, Corporate Member

of Freie Universitét Berlin, Humboldt-Universitat Zu Berlin, Chariteplatz 1,
10117 Berlin, Germany.

Received: 27 August 2023 Accepted: 9 February 2024
Published online: 22 February 2024

References

1. LinB,MaH, Ma M, Zhang Z, Sun Z, Hsieh |, Okenwa O, Guan H, Li J, Lv W.
The incidence and survival analysis for anaplastic thyroid cancer: a SEER
database analysis. Am J Transl Res. 2019;11:5888-96.

2. Mclver B, Hay ID, Giuffrida DF, Dvorak CE, Grant CS, Thompson GB, van
Heerden JA, Goellner JR. Anaplastic thyroid carcinoma: a 50-year experi-
ence at a single institution. Surgery. 2001;130:1028-34.

3. Jannin A, Escande A, Al Ghuzlan A, Blanchard P, Hartl D, Chevalier B, Des-
champs F, Lamartina L, Lacroix L, Dupuy C, Baudin E, Do Cao C, Hadoux J.
Anaplastic Thyroid Carcinoma: an update. Cancers. 2022;14:1061.

4. Maniakas A, Dadu R, Busaidy NL, Wang JR, Ferrarotto R, Lu C, Williams MD,
Gunn GB, Hofmann M-C, Cote G, Sperling J, Gross ND, Sturgis EM, Goep-
fert RP, Lai SY, Cabanillas ME, Zafereo M. Evaluation of Overall Survival in
Patients With Anaplastic Thyroid Carcinoma, 2000-2019. JAMA Oncol.
2020;6:1397-404.

5. lyer PC, Dadu R, Gule-Monroe M, Busaidy NL, Ferrarotto R, Habra MA,
Zafereo M, Williams MD, Gunn GB, Grosu H, Skinner HD, Sturgis EM, Gross
N, Cabanillas ME. Salvage pembrolizumab added to kinase inhibitor
therapy for the treatment of anaplastic thyroid carcinoma. J Immunother
Cancer. 2018;6:68.

6. Dierks C, Seufert J, Aumann K, Ruf J, Klein C, Kiefer S, Rassner M, Boerries
M, Zielke A, la Rosee P, Meyer PT, Kroiss M, Weilenberger C, Schumacher
T, Metzger P, Weiss H, Smaxwil C, Laubner K, Duyster J, von Bubnoff N,
Miething C, Thomusch O. Combination of Lenvatinib and Pembrolizumab
Is an Effective Treatment Option for Anaplastic and Poorly Differentiated
Thyroid Carcinoma. Thyroid. 2021;31:1076-85.

7. Capdevila J, Wirth LJ, Emnst T, Ponce Aix S, Lin C-C, Ramlau R, Butler MO,
Delord J-P, Gelderblom H, Ascierto PA, Fasolo A, Fihrer D, Hitter-Krénke
ML, Forde PM, Wrona A, Santoro A, Sadow PM, Szpakowski S, Wu H, Bostel
G, Faris J, Cameron S, Varga A, Taylor M. PD-1 Blockade in anaplastic
Thyroid Carcinoma. JCO. 2020;38:2620-7.

8. Sparano C, Godbert Y, Attard M, Do Cao C, Zerdoud S, Roudaut N, Joly C,
Berdelou A, Hadoux J, Lamartina L, Schlumberger M. Leboulleux, S Lim-
ited efficacy of lenvatinib in heavily pretreated anaplastic thyroid cancer:
a French overview. Endocr Relat Cancer. 2021;28:15-26.

9. Boudin L, Morvan J-B, Thariat J, Métivier D, Marcy P-Y, Delar-
bre D. Rationale Efficacy and Safety Evidence of Lenvatinib and


https://doi.org/10.1186/s12902-024-01555-y
https://doi.org/10.1186/s12902-024-01555-y

Soll et al. BMC Endocrine Disorders

20.

21.

22.

23.

24.

25.

(2024) 24:25

Pembrolizumab Association in Anaplastic Thyroid Carcinoma. Curr Oncol.
2022;29:7718-31.

Marotta V, Chiofalo MG, Di Gennaro F, Daponte A, Sandomenico F,
Vallone P, Costigliola L, Botti G, lonna F, Pezzullo L. Kinase-inhibitors for
iodine-refractory differentiated thyroid cancer: still far from a structured
therapeutic algorithm. Crit Rev Oncol Hematol. 2021;162:103353.

. Marotta V, Sciammarella C, Capasso M, Testori A, Pivonello C, Chiofalo

MG, Gambardella C, Grasso M, Antonino A, Annunziata A, Macchia PE,
Pivonello R, Santini L, Botti G, Losito S, Pezzullo L, Colao A, Faggiano A.
Germline Polymorphisms of the VEGF Pathway Predict Recurrence in
Nonadvanced Differentiated Thyroid Cancer. J Clin Endocrinol Metab.
2017;102:661-71.

Taylor MH, Schmidt EV, Dutcus C, Pinheiro EM, Funahashi Y, Lubiniecki G,
Rasco D. The LEAP program: lenvatinib plus pembrolizumab for the treat-
ment of advanced solid tumors. Future Oncol. 2021;17:637-48.

Wang JR, Zafereo ME, Dadu R, Ferrarotto R, Busaidy NL, Lu C, Ahmed S,
Gule-Monroe MK, Williams MD, Sturgis EM, Goepfert RP, Gross ND, Lai SY,
Gunn GB, Phan J, Rosenthal DI, Fuller CD, Morrison WH, lyer P, Cabanil-
las ME. Complete surgical resection following Neoadjuvant Dabrafenib
Plus Trametinib in BRAFV600E-Mutated Anaplastic Thyroid Carcinoma.
Thyroid. 2019;29:1036-43.

Cabanillas ME, Ferrarotto R, Garden AS, Ahmed S, Busaidy NL, Dadu R, Wil-
liams MD, Skinner H, Gunn GB, Grosu H, lyer P, Hofmann MC, Zafereo M.
Neoadjuvant BRAF- and Immune-Directed Therapy for Anaplastic Thyroid
Carcinoma. Thyroid. 2018;28:945-51.

Ahmed S, Ghazarian MP, Cabanillas ME, Zafereo ME, Williams MD, Vu T,
Schomer DF, Debnam JM. Imaging of Anaplastic Thyroid Carcinoma.
AINR Am J Neuroradiol. 2018;39:547-51.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein L, Shankar L, Dodd
L, Kaplan R, Lacombe D, Verweij J. New response evaluation criteria

in solid tumours Revised RECIST guideline (version 1.1). Eur J Cancer.
2009;45:228-47.

Markovic SN, Suman VJ, Javed A, Reid JM, Wall DJ, Erickson LA, Ernstoff
M, Anderson DM. Sequencing Ipilimumab Immunotherapy Before or
After Chemotherapy (Nab-Paclitaxel and Bevacizumab) for the Treatment
of BRAFwt (BRAF Wild-Type) Metastatic Malignant Melanoma: results of
a study of academic and community cancer research united (ACCRU)
RU2612061. Am J Clin Oncol. 2020;43:115-21.

DRKS - Deutsches Register Klinischer Studien (German Clinical Trials
Register). at https://www.drks.de/drks_web/navigate.do?navigationld=
tria HTML&TRIAL_ID=DRKS00013336.

M.D. Anderson Cancer Center. Lenvatinib in Combination With Pembroli-
zumab for Stage IVB Locally Advanced and Unresectable or Stage IVC
Metastatic Anaplastic Thyroid Cancer. (clinicaltrials.gov, 2022). at https://
clinicaltrials.gov/ct2/show/NCT04171622.

Maurer E, Eilsberger F, Wachter S, Riera Knorrenschild J, Pehl A, Holzer K,
Neubauer A, Luster M, Bartsch DK. Mutation-based, short-term ‘neoadju-
vant'treatment allows resectability in stage IVB and C anaplastic thyroid
cancer. Eur Arch Otorhinolaryngol. 2023;280:1509-18.

Giannini R, Moretti S, Ugolini C, Macerola E, Menicali E, Nucci N, Morelli S,
Colella R, Mandarano M, Sidoni A, Panfili M, Basolo F, Puxeddu E. Immune
Profiling of Thyroid Carcinomas Suggests the Existence of Two Major
Phenotypes: An ATC-Like and a PDTC-Like. J Clin Endocrinol Metab.
2019;104:3557-75.

Mantovani A, Allavena P, Marchesi F, Garlanda C. Macrophages as tools
and targets in cancer therapy. Nat Rev Drug Discov. 2022;21:799-820.
LiF, Li G, Cai X, Xie Z, Zhou L, Cheng B, et al. The association between
CD8+ tumor-infiltrating lymphocytes and the clinical outcome of cancer
immunotherapy. A systematic review and meta-analysis. eClinicalMedi-
cine. 2021;41:101134.

Maio M, Ascierto PA, Manzyuk L, Motola-Kuba D, Penel N, Cassier PA,
Bariani GM, Acosta ADJ, Doi T, Longo F, Miller WH, Oh D-Y, Gottfried M, Xu
L, Jin F, Norwood K, Marabelle A. Pembrolizumab in microsatellite instabil-
ity high or mismatch repair deficient cancers: updated analysis from the
phase Il KEYNOTE-158 study. Ann Oncol. 2022;33:929-38.

Subbiah V, Kreitman RJ, Wainberg ZA, Cho JY, Schellens JHM, Soria JC,
Wen PY, Zielinski CC, Cabanillas ME, Boran A, llankumaran P, Burgess P,
Romero Salas T, Keam B. Dabrafenib plus trametinib in patients with
BRAF V600E-mutant anaplastic thyroid cancer: updated analysis from the
phase Il ROAR basket study. Ann Oncol. 2022;33:406-15.

26.

27.

28.

29.

30.

31

32.

33.

Page 9 of 9

Valerio L, Giani C, Agate L, Molinaro E, Viola D, Bottici V, Matrone A,

Puleo L, Lorusso L, CappagliV, Ribechini A, Elisei R. Prevalence and Risk
Factors of Developing Fistula or Organ Perforation in Patients Treated
with Lenvatinib for Radioiodine-Refractory Thyroid Cancer. Eur Thyroid J.
2021;10:399-407.

Oliinyk D, Augustin T, Rauch J, Koehler VF, Belka C, Spitzweg C, Kdsmann
L. Role of surgery to the primary tumor in metastatic anaplastic thyroid
carcinoma: pooled analysis and SEER-based study. J Cancer Res Clin
Oncol. 2023;149:3527-47.

Moyer KF, Marcadis AR, Shaha AR. Airway management, symptom relief,
and best supportive care in anaplastic thyroid cancer. Curr Opin Otolar-
yngol Head Neck Surg. 2020,28:74-8.

Fan D, Ma J, Bell AC, Groen AH, Olsen KS, Lok BH, Leeman JE, Anderson

E, Riaz N, McBride S, Ganly I, Shaha AR, Sherman EJ, Tsai CJ, Kang JJ, Lee
NY. Outcomes of multimodal therapy in a large series of patients with
anaplastic thyroid cancer. Cancer. 2020;126:444-52.

Eremina V, Jefferson JA, Kowalewska J, Hochster H, Haas M, Weisstuch J,
Richardson C, Kopp JB, Kabir MG, Backx PH, Gerber H-P, Ferrara N, Barisoni
L, Alpers CE, Quaggin SE. VEGF inhibition and renal thrombotic microan-
giopathy. N Engl J Med. 2008;358:1129-36.

Kandula P, Agarwal R. Proteinuria and hypertension with tyrosine kinase
inhibitors. Kidney Int. 2011,80:1271-7.

Harris EJ, Hanna GJ, Chau N, Rabinowits G, Haddad R, Margalit DN, Schoe-
nfeld J, Tishler RB, Barletta JA, Nehs M, Janne P, Huang J, Groden P, Kacew
A, Lorch J. Everolimus in Anaplastic Thyroid Cancer: A Case Series. Front
Oncol. 2019;9:106.

Ishihara S, Onoda N, Noda S, Tauchi Y, Morisaki T, Asano Y, Kashiwagi S,
Takashima T, Ohira M. Treatment of anaplastic thyroid cancer with tyros-
ine kinase inhibitors targeted on the tumor vasculature: initial experience
in clinical practice. Endocr J. 2021,68:63-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00013336
https://www.drks.de/drks_web/navigate.do?navigationId=trial.HTML&TRIAL_ID=DRKS00013336
https://clinicaltrials.gov/ct2/show/NCT04171622
https://clinicaltrials.gov/ct2/show/NCT04171622

	First effectiveness data of lenvatinib and pembrolizumab as first-line therapy in advanced anaplastic thyroid cancer: a retrospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and population
	H&E and immunohistochemical staining and image analysis
	Molecular pathological analysis
	Statistical analysis

	Results
	Discussion
	Acknowledgements
	References


