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Abstract

Background PD-1 antibodies (PD1ab) are increasingly
used in metastatic melanoma and other malignancies.
Arthralgia is an underestimated side effect of PD-1 antibody
treatment with unknown cause. Our aim was to characterize
PD1ab-induced arthralgia.

Fatients and methods We retrospectively included patients
with metastatic cutaneous malignancies treated with pem-
brolizumab or nivolumab + ipilimumab at the National
Center for Tumor Diseases (Heidelberg) between 01/2013
and 09/2016. Arthralgia was characterized by labora-
tory diagnostics, imaging, and if indicated, rheumatologic
consultation.

Results 26 of 195 patients (13.3%) developed arthralgia.
The median onset of symptoms was 100 days (7-780 days).
Most frequently, arthralgia involved large joints (shoulders,
knees) in a predominantly symmetrical pattern. Only two
patients were seropositive for rheumatoid factor and/or anti-
citrullinated protein antibodies. Ten patients developed the
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clinical picture of arthritis, with seven of them showing
synovitis in MRI or PET/CT. Five patients showed inflam-
mation in joints pre-damaged by osteoarthritis. In 11 patients
arthralgia could not be specified. The majority of patients
was satisfactorily treated with non-steroidal anti-inflamma-
tory drugs (NSAIDs), 23.1% required additional low-dose
corticosteroids and only 7.6% of our patients received fur-
ther immunosuppressive treatment. Patients with arthralgia
showed a better treatment response and improved PFS and
OS.

Conclusion  Arthralgia is frequent during PD1ab treatment.
The clinical picture varies between synovitis of predomi-
nantly large joints, progressive osteoarthritis and arthral-
gia without evident joint damage. Vast majority of cases
can be satisfactorily managed by NSAID and/or low-dose
corticosteroids.

Keywords PD-1 antibody - Pembrolizumab -
Nivolumab - Arthralgia - Arthritis - Melanoma

Abbreviations

ACPA Anti-citrullinated protein antibodies

ANA Antinuclear antibodies

CR Complete response

CT Computed tomography

CTC-AE  Common terminology criteria for adverse
events

FDG-PET Fludeoxyglucose positron emission
tomography

irAE Immune-related adverse event

MRI Magnetic resonance imaging

NCT National Center for Tumor Diseases,
Heidelberg

NSAID Non-steroidal antirheumatic drug

OA Osteoarthritis
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PD Progressive disease
PDlab PD-1 antibody

PFS Progression-free survival
PR Partial response

RA Rheumatoid arthritis

RF Rheumatoid factor

SD Stable disease
Introduction

PD-1 antibodies (PD1ab) are increasingly used to treat
advanced malignancies. Even though well tolerated in gen-
eral immune related adverse events (irAE) such as exan-
thema, colitis and hepatitis are frequent. Arthralgia is
reported with a frequency of 5-12% under treatment with
pembrolizumab or nivolumab in metastatic melanoma [1, 2].
In contrast, only 5-6% of patients reported arthralgia under
ipilimumab monotherapy [1, 3]. To date, the pathomecha-
nisms of arthralgia under PD1ab is not understood and this
symptom was not listed among the irAEs in previous studies
[4]. Moreover, arthralgia might be reported under different
terms such as “arthralgia®, “arthritis”, “back pain”, “bone
pain”, “joint effusion”, “joint—range of motion decreased”,
“pain in extremity” and “pain” according to common ter-
minology criteria for adverse events (CTC-AE) v4.03 [5].
Hence, the CTC-AE grading system possibly underestimates
this symptom and is not adapted to classify rheumatologic
side effects [6]. So far, rheumatologic side effects have been
described only in small number of PD1ab treated patients
[7, 8] but not yet in larger cohorts. Therefore, we aimed to
characterize arthralgia in patients on PD1ab treatment.

Materials and methods
Patients

This retrospective analysis systematically included patients
treated at the National Center for Tumor Diseases (NCT)
Heidelberg between 01/2013 and 09/2016 for metastatic
melanoma or other advanced cutaneous malignancies with
the PD1abs pembrolizumab or nivolumab + ipilimumab in
the approved doses. At each visit, patients underwent sys-
tematic pain assessment by an institutional questionnaire
(including pain intensity by visual analogue scale, pain char-
acter, and pain localization by illustration, pain medication,
and other symptomatic treatment). In case of new onset of
“joint pain”, the treating physician proceeded with further
work-up including personal and family history for rheumatic
diseases, clinical examination of joints, and laboratory tests
including rheumatoid factor (RF), anti-citrullinated peptide
antibodies (ACPA), antinuclear antibodies (ANA), and, if
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applicable, HLA-B27. Routine tumour assessments were
performed every 12 weeks using CT of the neck/chest/abdo-
men or whole body FDG-PET/CT scan plus MRI of the
brain. Depending on the nature of joint symptoms, patients
received additional joint imaging by X-ray or MRI. In case
of severe joint symptoms rheumatologic or orthopaedic con-
sultations were arranged.

Upon retrospective review of imaging data, the pres-
ence of synovitis was defined radiologically if MRI showed
synovial thickening, synovial edema or synovial hyperen-
hancement and/or FDG-PET/CT displayed increased glu-
cose uptake. Osteoarthritic pre-damage was diagnosed if
the following criteria were present in imaging (X-ray, CT
or MRI): joint space narrowing, subchondral sclerosis, and
osteophytosis.

Data collection

Patients with new onset of arthralgia during PD1ab therapy
were included in our analysis. Patients were eligible if they
had received at least one infusion of PD1ab before July 9,
2016. From a total of 220 patients, patients with concurrent
BRAF inhibitor therapy were excluded from our analysis
(n =7) as well as patients who were not evaluable for side
effects due to rapid deterioration of general status (n = 18).
Furthermore, we excluded patients with joint pain due
to metastatic disease (n = 4), and patients with a known
medical history of rheumatic disease (n = 2). The detailed
patient selection process is displayed in Supplementary
Figure 1. Final follow-up was completed on October 20,
2016. Best response to treatment was defined according to
RECIST criteria version 1.1 [9] and indicated as complete
response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD). All available joint imaging
was reviewed by a radiologist (T. F. Weber), nuclear medi-
cine physicians (A. Dimitrakopoulou-Strauss, H. Anwar) and
by rheumatologists (K. Benesova, H.-M. Lorenz). All cases
with medical history, clinical findings, laboratory results and
imaging were reviewed by rheumatologists (K. Benesova,
H.-M. Lorenz), and dermatooncologists (K. Buder-Bakhaya,
J. C. Hassel).

Statistical analyses

Statistical analysis was conducted using SPSS version 22
(IBM, Ehningen, Germany). Progression-free survival (PFS)
and overall survival (OS) were calculated as time from onset
of PD1ab treatment until progression or death from any
cause, respectively. In patients with no events of progression
or death at time of final data analysis, the date of last contact
was used for censored calculation. Survival was estimated by
the Kaplan—Meier method. Delayed onset of joint symptoms
bears the risk of a guarantee-time bias wherefore a landmark
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analysis was performed to assess the effect of arthralgia on
PFS and OS. Univariate comparisons of Kaplan—Meier
estimators were done with the log-rank test. Comparisons
among groups with categorical variables were assessed by
two-sided Fisher’s exact and Chi-square test. p values were
considered significant with values of p < 0.05.

Results
Patient characteristics
26 of 195 patients (13.3%) reported arthralgia as a new

symptom. Detailed patient characteristics of “total cohort”
and “arthralgia cohort” are displayed in Table 1. Patients

characteristics did not differ significantly with the exception
of longer median treatment duration in the arthralgia cohort
(314 versus 104 days, p < 0.001). Of note, irAEs other than
arthralgia occurred with similar frequency in patients with
arthralgia and in the total cohort.

Characterization of arthralgia

17 out of 26 patients (65.4%) reported CTC-AE grade 1,
9 patients (34.6%) grade 2 arthralgia; nothing more severe
occurred [5]. Median onset of symptoms was 100 days
(range 7-780 days) with an earlier onset in patients with
simultaneous nivolumab plus ipilimumab therapy (n = 3,
onset after 7, 14 and 244 days which was after 1 cycle in 2
patients and after 4 cycles of combination followed by 10

Table 1 Patient characteristics

Parameter
of the total cohort and the

Number of patients in total Number of patients

. cohort (%) in arthralgia cohort
arthralgia cohort.* (%)
Total number of patients 195 (100%) 26 (13.3%)
Age (in years), median [range] 63.9 [17-91] 65.6 [46-82]
Gender
Male 106 (54.4) 15 (57.7)
Female 89 (45.6) 11 (42.3)
Disease entity
Cutaneous melanoma 164 (84.1) 22 (84.6)
Mucosal melanoma 12 6.2) 2 (7.7)
Uveal melanoma 9 4.6) 1 3.8)
Merkel cell carcinoma 4 2.1) 1 3.8)
Squamous cell carcinoma 3 (1.5) 0
Basal cell carcinoma 3 (1.5) 0
Type of PD-1 antibody
Pembrolizumab 111 (56.9) 17 (65.4)
Nivolumab 48 (24.6) 6 (23.1)
Nivolumab + ipilimumab 36 (18.5) 3 (11.5)
Duration of treatment (in days), median [range] 104 [1-1168] 314 [75-1168]
Number of prior treatments
0 59 (30.3) 13 (50.0)
1 77 (39.5) 4 (15.4)
2 28 (14.4) (15.4)
>3 36 (16.9) 5 (19.2)
Types of previous treatment
Ipilimumab 103 (52.8) 12 (46.2)
PD-1 antibody 27 (13.8) 1 3.9)
Targeted therapy 44 (22.6) 5 (19.2)
Chemotherapy 38 (19.5) 7 (26.9)
irAEs other than arthralgia 51 (26.2) 7 (26.9)
Treatment discontinued due to irAEs 20 (10.3) 2 (7.7)
Follow-up (in days), median [range] 306 [25-1194] 374 [129-1057]

irAE immune-related adverse events

* There were no significant between-group differences with exception of treatment duration (p < 0.001)

and follow-up (p < 0.01)
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cycles of nivolumab monotherapy in 1 patient) compared to
a later onset of arthralgia in PD1ab monotherapy (median
onset 116 days [range 11-780]) with a median onset after
5 cycles of pembrolizumab, and 8 cycles of nivolumab,
respectively.

Most frequently involved joints were shoulders (61.5%),
knees (50%), foot joints (42.3%), and wrists (38.5%). Less
frequently affected were finger joints (26.9%), spine (19.2%),
elbows (15.4%), and hips (11.5%). 19 patients showed symp-
toms in large joints only (73.1%) whereas 7 patients (26.9%)
had both large and small joints (MCP, PIP, DIP) involved.
No patient had an isolated involvement of small joints. In
the majority of patients arthralgia occurred symmetrically
(16 of 26 patients, 62%). Median number of involved joints
was 4 (range 1-10), joint swelling was found in 10 of 26
patients (38.5%). RF was positive in 2 patients (7.7%) with
one simultaneously being positive for ACPA. 6 patients
underwent rheumatologic or orthopaedic consultation
because of severity of symptoms. In two patients a synovial
fluid analysis was performed because of severe knee effu-
sions showing a clear, sterile effusion with lymphocytes and
neutrophils without crystals.

After review of clinical and imaging data, two different
clinical patterns could be delineated: (1) patients with imag-
ing signs of synovitis in joints pre-damaged by OA named

“activated OA” group (n = 5) and (2) patients with signs
of synovitis (without signs of OA) and/or clinical signs of
arthritis (joint swelling, decreased range of motion) named
“arthritis” group (n = 10). Patients who could not be clas-
sified into these two groups because clinical and/or imag-
ing data were not typical for one of the groups or imaging
was not done were subsumed as “arthralgia, not specified”
(n = 11). One major difference between the groups was that
patients with activated OA revealed symptoms in only a few
joints whereas arthritis patients more often had involvement
of 5 or more joints (p < 0.05). In addition, arthritis patients
were younger than OA patients (p < 0.05), had more often
a positive family history for rheumatologic diseases, and a
higher incidence of other irAEs. Detailed features of these
patient groups are displayed in Table 2. 70% of the arthri-
tis patients showed radiological disease manifestations in
MRI including thickening, edema, or hyperenhancement of
synovial tissue and joint effusion (Fig. la, ¢) and/or PET-
CT displaying increased FDG-uptake by synovial tissue
(Fig. 1b, d).

One patient with polyarthritis was found to be seroposi-
tive for RF and ACPA and was subsequently diagnosed with
classical RA. Retrospectively, RF and ACPA were already
detectable in cryo-preserved blood samples collected prior
to PD1ab-start.

Table 2 Clinical, serological and imaging characteristics of the different arthralgia patterns in our cohort of 26 patients

Arthritis Activated osteoarthritis Arthralgia (not specified) Total number of
patients with available
data

Total number of patients 10 (38.5%) 5(19.2%) 11 (42.3%) 26
Median age, male/female (% female patients) 56 years, 6/4 (40%) 75 years, 1/4 (80%) 68 years, 8/3 (27%) 26
Number of patients with < 5 involved joints 5 (50%) 5 (100%) 6 (54.6%) 26
Number of patients with > 5 involved joints 5 (50%) 0 5 (45.4%) 26
Only large joints involved 6 (60%) 3 (60%) 10 (90.9%) 26
Large and small joints involved 4 (40%) 2 (40%) 1(9.1%) 26
Positive family history of joint- or joint 3/7 (42.9%) 1/4 (25%) 3/6 (50%) 17
related diseases 1 RA, 2 psoriasis 1 OA 2 RA, 1 psoriasis
Rheumatoid factor positive 1/7 (14.3%) 0/3 (0%) 1/8 (12.5%) 18
ACPA positive 1/7 (14.3%) 0/3 (0%) 0/7 (0%) 17
Elevated ANA titer with specific pattern 0/6 (0%) 1/3 (33.3%)* 0/7 (0%) 16
HLA-B27 positive 2/7 (28.6%) 1/4 (25%) 0/7 (0%) 18
MRI showed synovitis 2/3 (66.7%) 2/2 (100%) 0/2 (0%) 7
PET showed FDG-uptake in joints 5/5 (100%) NA 0/1 (0%) 6
Other irAE 4 (40%) 1 (20%) 2 (18.2%) 26
Treatment
NSAIDs only 6/10 (60%) 4/5 (80%) 9/11 (81.8%) 26
Low-dose prednisolone 4/10 (40%) 0/5 (0%) 1/11 (9.1%) 26
Additional immuno-suppression 2/10 (20%) 0/5 (0%) 0/11 (0%) 26

ACPA anti-citrullinated protein antibodies, ANA antinuclear antibodies, irAE immune-related adverse events, NSA/Ds non-steroidal anti-inflam-

matory drugs, OA osteoarthritis, RA rheumatoid arthritis

* This patient subsequently developed autoimmune hepatitis
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Fig.1 a MRI of the left knee of a patient with oligoarthritis show-
ing synovialitis (arrow) and joint effusion (dashed arrows). b PET-CT
in the same patient with markedly increased FDG-uptake by synovial
tissue. ¢ MRI of the left shoulder in another patient with oligoarthritis

In the majority of patients (73.1%) symptoms were satis-
factorily managed by only non-steroidal anti-inflammatory
drugs (NSAID; e.g. ibuprofen). 5 patients (19.2%) further
needed low-dose prednisolone (5-10 mg per day). Inter-
estingly, 50% of patients in the arthritis group required
low-dose prednisolone whereas none of the activated OA
patients and only 9.1% of patients with arthralgia, not
specified (Table 2). Of the arthritis patients, one who was
diagnosed with seronegative polyarthritis subsequently
required high-dose corticosteroids and another patient with
seropositive RA additionally received sulfasalazine and
hydroxychloroquine.

showing focal synovitis of the inferior glenoid (arrow). d PET-CT of
the same patient showing increased FDG-uptake by synovial tissue of
the left shoulder

During the further course, four patients stopped the
PD-1 antibody treatment because of CR/PR which was
followed by complete clearing of arthralgia. 9 patients
stopped PD-1 antibody therapy due to toxicity or progres-
sion. Only one of these nine patients suffers from ongo-
ing arthralgia requiring NSAIDs intake. Of 13 patients
who are still under treatment, 5 patients were able to stop
NSAIDs + low dose prednisolone completely, 6 patients
constantly require NSAIDs + low dose steroids, in 1
patient immunosuppression was deescalated to low dose
prednisolone, and 1 patient refused to take further medica-
tion despite ongoing arthralgia.
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Treatment efficacy

Efficacy and survival analyses were performed for patients
with cutaneous or mucosal melanoma (n = 176). Objec-
tive tumour response data were available for 173 patients.
Response rates (CR + PR) of patients with arthralgia
(n = 24) were significantly better than in non-arthralgia
patients (n = 149) (Chi-square test: p < 0.0001, Table 3).
Notably, no patient in the arthralgia group progressed at the
first staging -having in mind that the median time to onset
of symptoms was 100 days and hence about the time of first
staging.

Median follow-up time for all patients was 294 days
[range 25-1194], 280 days [25—-1194] in the non-arthralgia

Table 3 Comparison of best responses to treatment in cutaneous and
mucosal melanoma patients with and without arthralgia

Total number of patients Number of patients  Number of
in the non-arthralgia patients with
cohort (%) new onset
arthralgia (%)*
149 24
Complete response 6 (4.0%) 4 (16.7%)
Partial response 32 (21.5%) 15 (62.5%)
Stable disease 34 (22.8%) 5 (20.8%)
Progressive disease 77 (51.7%) 0

* The difference in response rate (CR + PR) versus no response
(SD + PD) between arthralgia- and non-arthralgia patients was statis-
tically significant (Chi-square test: p < 0.0001)

landmark 100 days after
PD1-antibody treatment start

cohort and 374 days [129-1057] in the arthralgia cohort
(p < 0.01). The median PFS in non-arthralgia patients
was 4.2 months (95% CI 2.5-6.0) with a median OS of
17.8 months (95% CI 11.2-24.5). In the arthralgia cohort
neither median PFS nor median OS were reached. To control
for the guarantee-time bias we performed a landmark analy-
sis for PFS and OS at 100 days after start of the treatment
as this was equal to the median onset of arthralgia. Patients
with arthralgia had an improved estimated PFS as compared
to patients without arthralgia (log rank test, p < 0.001),
Fig. 2a. The Kaplan—Meier estimated OS was significantly
longer for arthralgia patients as opposed to non-arthralgia
patients (p < 0.01), Fig. 2b.

Discussion

Arthralgia has not been interpreted as an irAE under
immune-checkpoint inhibition until recently [4, 10]. How-
ever, arthralgia under PD1ab treatment was reported in phase
III trials in 5-12% of patients with melanoma or non-small
cell lung cancer [1-3, 11]. In our patient cohort arthralgia
occurred with a slightly higher frequency of 13.3%. Joint
symptoms will certainly gain importance in daily clinical
practice with increasing use of PD1abs.

Herein, we characterize PD1ab-induced arthralgia in
detail for the first time leading to two specific clinical pat-
terns of joint involvement: typical arthritis and inflammatory
OA, whereas in a proportion of patients arthralgia remained
unclassifiable partly due to incomplete imaging. All patients

landmark 100 days after
PD1-antibody treatment start
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Fig. 2 Landmark analysis of Kaplan—-Meier estimated PFS (a) and OS (b) at 100 days after PD1i treatment start showing improved PFS and OS
in patients with arthralgia (log rank test, p < 0.001 for PFS and p < 0.01 for OS)
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showed involvement of large joints or combination of large
and small joints. The median onset of arthralgia in our
cohort was about 3 months which is comparable to previ-
ous case series [7] and less than reported for ipilimumab
induced arthralgia (9 months) [12]. Combined checkpoint
blockade might induce more severe, erosive arthritis as
reported by Capelli et al. [7]. However, in our cohort only
3 of 40 patients (7.5%) on combination treatment devel-
oped inflammatory arthritis or inflammatory OA. Hence,
incidence seems to be not increased. A higher incidence of
arthralgia on PD1ab treatment as compared to ipilimumab
monotherapy [1, 3] might be explained by different roles of
the molecules in T cell activity regulation. Whereas CTLA-4
is important during early immune response, PD-1 limits T
cell activity in peripheral tissues.

Three mechanisms of PDlab induced arthralgia have
been postulated [8]: First, PD1ab activate previously existing
dormant arthritogenic clones. This hypothesis is supported
by the course of our patient who developed classical RA
and was asymptomatic before the start of PD1ab despite in
retrospect already detectable RF and ACPA. Second, PD1ab
treatment leads to a lack of suppression of newly presented
autoantigens. These autoantigens could be presented in the
circumstance of minimal traumata or infections that might
not have been recognized by the patients. In addition, this
could explain arthritis in pre-damaged joints as seen in OA.
Underlining this, the majority of patients were seronegative
for autoantibodies similar to previously published cases [7,
8]. Third, it is discussed that a direct PD1ab drug effect on
synovial tissue might lead to metabolic changes and inflam-
mation, e.g. by synovial expression of PD-L1.

Increased FDG-uptake of joints has been described for
patients with arthritis under anti-CTLA-4 antibody treat-
ment [12]. Synovitis was objectified in the majority of our
patients who received MRI or PET/CT. Despite signifi-
cant radiographic findings most arthritis patients had mild
symptoms manageable by NSAIDs or low-dose steroids.
This contradicts previous data about regularly required
high-dose corticosteroid treatment, and even methotrexate
or anti-TNF-alpha inhibitors for arthritis under PD1abs [7].
This discrepancy might be explained by the fact that the data
were generated in a rheumatologic department where only
severe cases will be referred to.

The role of arthralgia or other irAEs as predictors for
improved response and survival is a challenging question. In
a case series, three of four patients who developed arthritis
under ipilimumab showed disease control [12]. Correlation
of response and irAEs under PD1ab treatment tend towards
improved response and longer PFS in patients with occur-
rence of irAEs [13, 14]. Our data show improved response,
estimated PFS and OS for patients with arthralgia. However,
side effects occur in a time-dependent manner and patients
with a fast disease progression will not be able to receive

PD1ab long enough to develop irAEs. Hence, it is important
to control the results for the guarantee time bias. Concerning
the better response rates, first staging of patients was done
after 3 months which is about the time of median onset of
arthralgia. For survival data we used the conditional land-
mark analysis starting at the median onset of arthralgia [15].

One limitation of our analysis is the retrospective char-
acter. A higher incidence of arthralgia could potentially be
found in a prospective setting. That would also open up the
possibility to perform imaging and laboratory examinations
early in all affected patients as well as additional work-up
with MRI and/or ultrasonography where arthralgia was not
classifiable in retrospect.

Conclusion

Arthralgia is frequently induced by PD1abs and mainly
affects large joints. Clinical manifestation of arthritis
requires further diagnostic work-up including inflamma-
tion parameters, autoantibodies as well as imaging to iden-
tify patients who likely need more intensive treatment. All
other patients are typically seronegative and symptoms are
manageable by NSAIDs or low-dose steroids. In our cohort
patients with arthralgia revealed a better clinical outcome
in the landmark analysis. However, a prospective setting is
needed for better characterization and the correlation with
treatment efficacy.
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