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Patient‑reported symptom 
burden in patients with rare 
cancers receiving pembrolizumab 
in a phase II Clinical Trial
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Patients with rare solid tumors treated on early phase trials experience toxicities from their tumors 
and treatments. However, limited data exist to describe the detailed symptom burden suffered by 
these patients, particularly those with rare solid tumors treated with immunotherapy. We performed a 
prospective longitudinal study to capture patient‑reported symptom burden. Patients completed the 
validated MD Anderson Symptom Inventory (MDASI)—Immunotherapy with 20 symptoms including 
7 immunotherapy‑specific items and 6 interference items at baseline and weekly thereafter for up to 
9 weeks. Symptoms and interference were rated on 0–10 scales (0 = none or no interference, 10 = worst 
imaginable or complete interference). Group‑based trajectory modelling determined higher and 
lower symptom groups. A total of 336 MDASI questionnaires were completed by 53 patients (mean 
age 55.4y, 53% male) with advanced rare cancers receiving pembrolizumab in a Phase II clinical trial. 
Symptoms reported as most severe over the course of the treatment over 9 weeks were fatigue [mean 
(M) = 3.8, SD = 2.3], pain (M = 3.7, SD = 2.9), disturbed sleep (M = 2.7, SD = 2.3), drowsiness (M = 2.6, 
SD = 2.0) and lack of appetite (M = 2.5, SD = 2.1). Pain in the abdomen (M = 2.2, SD = 2.4), rash (M = 1.1, 
SD = 1.8) and diarrhea (M = 0.9, SD = 1.5) were less severe. Interference with walking was rated the 
highest (M = 3.4, SD = 2.8) and relations with others was rated the lowest (M = 2.1, SD = 2.6). Using 
a composite score based on the five most severe symptoms (fatigue, pain, lack of appetite, feeling 
drowsy and sleep disturbance), 43% were classified into the high symptom burden group. Using a 
score based on immunotherapy‑specific symptoms (e.g., rash, diarrhea) 33% of patients were included 
in the high symptom group. Symptom burden stayed relatively stable in the high‑ and low‑symptom 
burden patient groups from baseline through 9 weeks. Some patients with rare malignancies 
experienced high symptom burden even at baseline. In patients with rare cancers, symptom 
trajectories stayed relatively stable over nine weeks of treatment with pembrolizumab.

Trial registration: ClinicalTrials.gov identifier: NCT02721732.

Patient reported outcomes (PRO) provide a patient the opportunity to describe what a patient is experiencing 
during and after treatment, the degree to which treatment produces such symptoms, and impact on function-
ing. The use of validated PRO measures in clinical trials can provide the patient’s assessment of the severity and 
impact of treatment-related symptoms of new therapies. This assessment provides critical information to patients, 
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providers, regulators, and third-party payers for evaluating the tolerability of these  therapies1 and for judging 
the safety and value (ratio of treatment benefit relative to cost)2 of one therapy over another. This is especially 
true when new therapies provide only small increases in overall survival or time to progression, or are effec-
tive for only a modest percentage of the patients who receive them. Thus, PROs may be considered an essential 
component of oncology drug development, without which clinicians and regulators have an incomplete picture 
of how patients are affected by a new  agent3. Indeed, in a policy review, international regulatory agencies from 
the USA, Europe, and Canada have acknowledged interest in the inclusion of PROs throughout the drug devel-
opment  process4. Most symptomatic toxicities data currently are from clinician-registered adverse event (AE) 
reports, and prior research by others suggest that symptomatic AEs are likely to be underreported by  clinicians5.

Immune checkpoint inhibitors are a new class of immunotherapeutic agents that remove the inhibitory 
signal provided to immune T cells so they can launch a cytotoxic attack on tumor cells. It is increasingly clear 
that immune checkpoint inhibitors produce a unique and emerging set of  irAEs6,7, many of which present as 
symptoms and can thus be well captured by patient report. Because irAEs are classically autoimmune in  nature8 
and are often T-cell-mediated9, the toxicities of checkpoint inhibitors may be caused by T cells indiscriminately 
attacking both tumor cells and normal cells. Given the effects of checkpoint inhibitors on the immune system, 
their side-effect profiles may differ somewhat from those of other cancer therapies, including conventional cyto-
toxic chemotherapy. Yet, although immune checkpoint inhibitors seem promising in prolonging survival, little is 
known about their symptom related benefit or burdens from the patient’s perspective. As immunotherapy become 
generally used, it is important to be able to describe to patients what types of side effects they could expect from 
the  treatment10. While there are trials that have used PRO, few have used frequent assessments to describe the 
trajectory of symptoms longitudinally across treatment in patients with rare cancers.

Pembrolizumab is an immune checkpoint inhibitor that blocks the programmed cell death protein 1 (PD1), 
an inhibitory receptor expressed by immune T cells. PD1 blockade enables T cells to destroy cancer cells. Pem-
brolizumab was granted accelerated approval by the FDA not only for treatment of multiple tumor types, but 
also for tumor-agnostic conditions such as high microsatellite instability (MSI-H) or mismatch repair deficient 
(dMMR) solid tumors and those with high tumor mutational  burden11. We have previously reported clinical 
activities of Pembrolizumab in patients with advanced rare  tumors12.

We report here frequent assessment of symptomatic status of patients in a Phase II trial of patients with rare 
cancer receiving pembrolizumab. We describe the symptom patterns of these patients and classified them into 
two groups based on the severity of their longitudinal symptom severity. We elucidate how these patients feel 
and function with regards to their immune checkpoint inhibitor treatment.

Methods
Study participants. Ten patient cohorts with advanced rare cancers were used to describe the symptom 
burden associated with pembrolizumab. Patients completed the validated MD Anderson Symptom Inventory—
Immunotherapy (MDASI-Immunotherapy EPT) module for early phase trials (13) at baseline and weekly there-
after for up to 9  weeks. Symptoms and interference were rated on 0–10 scales (0 = none or no interference, 
10 = worst imaginable severity or complete interference).

Patients were in a Phase II basket trial in the Clinical Center for Targeted Therapy clinic at MD Anderson and 
were receiving 200 mg of pembrolizumab intravenously every three weeks. (12) Sample size for this descriptive 
longitudinal study was based on reporting the symptom results with reasonable confidence limits using eligible 
patients. To be eligible for this PRO-based study, patients were required to be at least 18 years old, speak English, 
and have a pathological diagnosis of a rare cancer, whose disease had progressed while on standard therapies 
(if available) within the previous 6 months. Patients were excluded if clinical research staff felt that they did not 
understand the intent of the study or could not complete the assessment measures. This study was approved 
by the Institutional Review Board of The University of Texas MD Anderson Cancer Center in Houston, Texas 
(MDACC protocols 2015–0948 and PA15-0315). The study was conducted in accordance with the Declaration 
of Helsinki and the International Conference on Harmonization Good Clinical Practice guidelines. All the study 
participants provided written informed consent before enrollment.

Demographic and clinical data. At the time of patient enrollment, research staff asked study participants 
to complete self-administered questionnaires, answered questions, and assisted with completion of survey forms 
as needed. Patient demographic information (e.g., sex, age, marital status, education level, and employment 
status) were collected during the initial clinic visit.

Medical background information was extracted from electronic medical records, including cancer diagnosis, 
and Eastern Cooperative Oncology Group performance status (ECOG PS). ECOG  PS14 was used to estimate 
disease severity and is a physician-rated measure of functional ability, ranging from 0 (fully active; able to carry 
on all pre-disease performance without restriction) to 4 (completely disabled; cannot perform self-care; totally 
confined to bed or chair).

Study instrument. The M. D. Anderson Symptom Inventory – Immunotherapy for early phase trials 
(EPT). The MDASI-Immunotherapy EPT has 20 symptoms including 7 immunotherapy-specific items in ad-
dition to the 13 MDASI core  symptoms15. The MDASI asks patients to rate the severity of disease-related and 
treatment-related symptoms during the past 24 h. Each symptom (pain, fatigue, nausea, disturbed sleep, emo-
tional distress, shortness of breath, difficulty remembering, lack of appetite, drowsiness, dry mouth, sadness, 
vomiting, numbness or tingling, rash, diarrhea, pain the abdomen, swelling in the hands and legs, headache, 
night sweats and fever and/or chills) is rated on an 11-point scale ranging from 0 (not present) to 10 (as bad as 
you can imagine). The MDASI-Immunotherapy EPT has been shown to be valid and  reliable13.
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Patients also rate the degree to which symptoms interfered with various aspects of life during the past 24 h. 
Each interference item (general activity, mood, normal work [including both work outside the home and house-
work], relations with other people, walking ability, and enjoyment of life) is rated on an 11-point scale ranging 
from 0 (did not interfere) to 10 (interfered completely). The interference factor can be decomposed into (1) an 
activity-related interference dimension consisting of the items normal work, general activity, and walking abil-
ity, and (2) a mood-related interference dimension composed of the items relations with people, enjoyment of 
life, and  mood16.

Statistical analysis. Most statistical analyses were conducted using Statistical Package of the Social Sci-
ences (SPSS) software version 26. Correlations, means, standard deviations (SDs), ranges, and 95% confidence 
limits (CL) were computed for all symptoms and subscales. Statistical significance was set using a two-tailed 
alpha level of 0.05.

Group‑based trajectory modeling (GBTM). Cluster analysis is a commonly used method to group patients 
based on how similarly they report the severity of their symptoms. But because symptoms change over the 
course of cancer treatment, patient groupings may vary across time points. To account for this, we used group-
based trajectory model (GBTM) under PROC TRAJ in SAS. This method is a statistical approach designed to 
group longitudinal observations into interrelated subgroups. Like cross-sectional methods, GBTM takes into 
consideration measures at a given time point, but unlike cross sectional methods, GBTM considers the change 
patterns of those measures across multiple time points. GBTM may identify two or more groups with distinct 
trajectories. For simplicity and because of our limited sample size, we sought to determine group membership 
in either high or low symptom burden over 9 weeks depending on the outcome variable used. In our case, we 
performed GBTM using two outcome variables. First, we created high and low symptom burden groups based 
on the average of the top 5 symptoms namely, fatigue, pain, lack of appetite, feeling drowsy and disturbed sleep. 
Second, we used the average of the 7 immunotherapy-specific symptoms to form groups. The group trajectories 
were described as linear regression lines with intercept and slope. A non-significant slope estimate suggests a 
stable pattern.

Results
Demographic and clinical characteristics of study cohorts. If all 53 patients completed every MDASI 
assessments from baseline to the end of 9 weeks, then we will have 530 MDASIs. Because some patients dropped 
out of the study, no further MDASI assessments were expected for those patients. Out of the 502 expected 
MDASI questionnaires, 336 were completed by 53 patients for a 67% completion rate. Reasons for dropout/
termination included non-compliance (n = 7), progression (n = 20), withdrawal of consent (n = 2), and toxicity 
(n = 2). Demographic and clinical characteristics of the patient cohort of 53 patients are summarized in Table 1. 
Overall, the average and median age were 55.4 and 61  years respectively, and the mean education level was 
14 years. Male represented 53% (n = 28), and the sample was predominantly non-Hispanic white. Most patients 
had an ECOG performance status of 1.

Pattern of symptom burden during the first 9 weeks of pembrolizumab treatment. Table 2 
shows symptom severity in patients with rare solid tumors at baseline, at weeks 1–3, at weeks 4–6, weeks 7–9, 
and the average of values for 9  weeks of treatment with pembrolizumab. Symptoms with the worst severity 
at baseline were fatigue, pain, disturbed sleep, lack of appetite and drowsiness. The most severe symptoms at 
7–9 weeks of treatment with pembrolizumab were pain, fatigue, lack of appetite, disturbed sleep and drowsiness. 
Symptoms reported as most severe over the course of the treatment over 9 weeks were fatigue [mean (M) = 3.8, 
SD = 2.3), pain (M = 3.7, SD = 2.9), disturbed sleep (M = 2.7, SD = 2.3), feeling drowsy (M = 2.6, SD = 2.0) and lack 
of appetite (M = 2.5, SD = 2.1). Pain in the abdomen (M = 2.2, SD = 2.4), rash (M = 1.1, SD = 1.8) and diarrhea 
(M = 0.9, SD = 1.5) were rated lower and ranked as  6th, 16.5th and  18th worst of the 20 symptoms. Interference 
with walking was rated the highest (M = 3.4, SD = 2.8) with relations rated as the lowest (M = 2.1, SD = 2.6).

Figure 1a shows relative stability of a composite score of the top five symptoms (albeit with very minor vari-
ations) over 9 weeks of treatment with pembrolizumab using all available data at each time points. In order to 
determine whether dropouts affected the severity of symptom patterns, we reproduced the plot in Fig. 1a but 
using data only from patients with complete data for all 9 weeks. Figure 1b is very similar to Fig. 1a in that the 
mean severity is around 3 on a 0 to 10 scale.

Figure 2 shows the percentages of patients experiencing moderate to severe levels of the 13 most prominent 
symptoms over the 9 weeks grouped into 4 time periods of pembrolizumab treatment. More than a third of 
patients experience fatigue at the beginning of their treatment with a quarter of the patients still reporting fatigue 
to be moderate to severe. At least 10% of patients reported moderate to severe levels at baseline for any of the top 
13 symptoms. With the exception of pain and dry mouth, patients reported that many symptoms either stayed 
the same or showed slight improvement from baseline to Weeks 7–9.

Group‑based trajectory pattern of symptom burden during the first 9 weeks of pembrolizumab 
treatment. Figure 3a shows the results of group- based trajectory modeling of the top 5 symptoms. Using a 
composite score based on the five most severe symptoms (pain, fatigue, lack of appetite, sleep disturbance and 
feeling drowsy), 43% were classified into the high symptom burden group. There were no significant increase in 
symptom during this period for either the high symptom burden group (est = − 0.02, p < 0.87) or the low burden 
symptom group (est = 0.08, p < 0.65). Figure 3b presents the group-based trajectory modeling using a score based 
on immunotherapy-specific symptoms (e.g., rash, diarrhea). It resulted in 33% of patients belonging to the high 
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symptom group. Similarly, there were no significant increase in symptom during this period for either the high 
symptom burden group (est = − 0.001, p < 0.98) or the low burden symptom group (est = 0.08, p < 0.43). Symptom 
trajectories are relatively stable over 9 weeks of treatment with pembrolizumab. Patients with high symptom 
burden at baseline continued to have high symptom burden during treatment with pembrolizumab, and patients 
with low symptom burden at baseline entry into the clinical trial continue to have low symptom burden over the 
course of 9 weeks of treatment with pembrolizumab.

Discussion
To our knowledge, the present study is the first to examine longitudinally patient-reported symptoms in patients 
with rare cancers in a clinical trial testing an immune checkpoint inhibitor. Although patient-reported outcomes 
have been included in immunotherapy trials, this study provides a very frequent (every week) examination of 
symptom burden associated with immunotherapy compared to assessments done mostly at imaging visits (every 
8–9 weeks). Knowing the symptom trajectories associated with the use of immunotherapy contributes to our 
understanding of symptom benefit and whether patients can continue with their cancer treatment. Tolerability 
of treatment using patient-reported outcomes is an important component of drug  evaluation1.

The finding in the present study that symptom trajectories stayed relatively stable over 9 weeks of treatment 
with pembrolizumab is parallel to observations by Lacey et al.17 that treatment with pembrolizumab in patients 
with metastatic melanoma was accompanied by low symptom burden and that changes in symptoms longi-
tudinally were not seen regardless of whether or not patients’ usual care was supplemented with a supportive 
care intervention. However, the KEYNOTE-087 study in patients with relapsed/refractory classical Hodgkin 
lymphoma who received pembrolizumab as monotherapy reported improvements in overall quality of life from 
baseline to weeks 12–24 of treatment with  pembrolizumab18. The KEYNOTE-087 study also showed improve-
ments during treatment with pembrolizumab in symptoms assessed (fatigue, nausea and vomiting, pain, dyspnea, 
insomnia, constipation and diarrhea). Also, a study by Barlesi et al.19 in patients with advanced non-small cell 
lung cancer (NSCLC) receiving pembrolizumab or docetaxel in a randomized trial found that pembrolizumab 

Table 1.  Demographic and clinical characteristics of study cohorts (n = 53). Abbreviations: MDASI-
Immunotherapy, immunotherapy module of the M. D. Anderson Symptom Inventory; SD, standard deviation; 
ECOG PS, Eastern Cooperative Oncology Group performance status.

Patient characteristics Mean (SD)

Age, years 55.4 (17.9)

Education level, years 14 (2.6)

N (%)

Sex

Men 28 (53)

Women 25 (47)

Race

Black or African-American 4 (7)

White 39 (74)

Asian 3 (6)

Other 6 (11)

Unknown 1 (2)

Hispanic or Latino ethnicity

Hispanic or Latino 8 (15)

Non-Hispanic 44 (83)

Unknown 1 (2)

ECOG PS score at baseline

0 6 (11)

1 47 (89)

Tumor Types

Squamous cell carcinoma of the skin 8 (15)

Small cell malignancies of non-pulmonary origin—cervical, prostate, vulva 6 (11)

Carcinoma of unknown primary 7 (13)

Vascular sarcoma 4 (8)

Paraganglioma pheochromocytoma 4 (8)

Adrenocortical carcinoma 2 (4)

Medullary renal cell carcinoma 2 (4)

Penile carcinoma 2 (4)

Testicular carcinoma/ germ cell tumor 3 (5)

Other rare histologies 15 (28)
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was linked to better quality of life scores than docetaxel. Barlesi et al.19 reported nominally significant improve-
ment in many EORTC-QLQC30 symptom domains with pembrolizumab, and nominally significant worsening 
with docetaxel.

The strengths of the present study include the unique study population of patients with rare cancers partici-
pating in a Phase II clinical trial, and the systematic and longitudinal collection of patient-reported outcomes 
data focused on symptoms in a clinical trial testing an immune checkpoint inhibitor, and that all patients in this 
Phase II trial received the same dose of pembrolizumab. Weaknesses include a relatively small sample size of 53 
patients, and a relatively brief follow-up period of 9 weeks. Yet, this study offers valuable insights into weekly 
patient-reported symptoms during the first nine weeks of treatment with pembrolizumab in patients with rare 
tumors. Although symptoms are stable over the first nine weeks, our group-based trajectory analyses showed that 
there are subgroups of patients who have consistently high symptom burden. The proportion of patients experi-
encing high symptom burden changes depending on the type of symptoms. For this study, it was 43% based on 
pain, fatigue, lack of appetite, sleep disturbance and feeling drowsy but was only 33% based on immunotherapy 
specific symptoms such as rash and diarrhea. Our examination of associations of baseline demographic and 
clinical characteristics with symptom burden grouping yielded no significant results. Similarly, our examination 
of differences in symptom ratings by treatment response (objective response: yes/no) resulted in no significant 
result. Because of the limited sample size, these analyses were inconclusive. Future studies with larger sample 
sizes can identify demographic and clinical characteristics of those patients with high symptom burden that may 
allow personalized symptom management.

In summary, our results suggest it is feasible to collect PRO data in patients with rare cancers enrolled in a 
Phase II trial of an immune checkpoint inhibitor. Our findings indicate that symptom trajectories in patients 

Table 2.  Mean (SD) symptom  severity* at baseline, at weeks 1–3, at weeks 4–6, weeks 7–9, and overall from 
baseline to week 9 of treatment with pembrolizumab in patients with rare solid tumors. *Symptoms at each 
time (at baseline, at weeks 1–3, at weeks 4–6, weeks 7–9, and overall from baseline to 9 weeks of treatment) are 
ranked at that respective time point. **For the calculation of the overall mean of symptom severity for each 
symptom over the entire treatment course from baseline to 9 weeks, the aggregated mean for each patient was 
first calculated prior to computing the means for the overall sample. Aggregated means were obtained for each 
patient prior to calculating the symptom severity at each specific time point for all patients for whom data were 
available at that time point.

Symptom at 
baseline

Baseline 
(week 0) 
Mean (SD)
N = 53 Baseline rank*

Weeks 1–3
mean (SD) 
N = 46

Weeks 1–3 
rank*

Weeks 4–6 
mean (SD)
N = 39

Weeks 4–6 
rank*

Weeks 7–9
mean (SD) 
N = 34

Weeks 7–9
rank*

Overall up 
to 9 weeks 
mean** (SD)

Overall up 
to 9 weeks 
rank**

Pain 3.7 (3.3) 1.5 3.6 (3.2) 2 3.9 (3.0) 2 3.7 (3.3) 1.5 3.7 (2.9) 2

Fatigue 3.7 (3.1) 1.5 4.0 (2.6) 1 4.1 (2.6) 1 3.7 (2.4) 1.5 3.8 (2.3) 1

Disturbed 
sleep 2.7 (2.6) 3 2.6 (2.6) 3.5 2.8 (2.9) 4 2.7 (2.3) 4 2.7 (2.3) 3

Lack of 
appetite 2.6 (3.1) 4 2.2 (2.3) 5.5 2.6 (2.4) 5.5 2.9 (2.7) 3 2.5 (2.1) 5

Drowsy 2.5 (2.3) 5 2.6 (2.5) 3.5 3.0 (2.6) 3 2.6 (2.3) 5 2.6 (2.0) 4

Distress 2.3 (2.6) 6 1.8 (2.3) 8.3 1.6 (2.1) 10 1.7 (2.2) 9 2.0 (2.2) 8.3

Numbness 2.1 (2.5) 7.5 1.8 (2.4) 8.3 2.1 (2.7) 8 2.2 (2.8) 6.5 2.0 (2.3) 8.3

Shortness of 
breath 2.1 (2.6) 7.5 1.8 (2.3) 8.3 1.9 (2.0) 9 1.5 (1.6) 12.5 2.0 (2.1) 8.3

Pain in the 
abdomen 1.9 (2.6) 9 2.2 (2.6) 5.5 2.3 (2.6) 7 2.1 (2.5) 8 2.2 (2.4) 6

Sadness 1.7 (2.3) 10.5 1.5 (2.0) 12 1.4 (1.9) 12.3 1.6 (2.2) 10.5 1.7 (2.0) 11

Nausea 1.7 (3.1) 10.5 0.9 (1.4) 17 1.1 (2.0) 16.5 1.2 (1.8) 16 1.3 (1.8) 14

Dry mouth 1.6 (2.1) 12.3 2.1 (2.7) 7 2.6 (2.7) 5.5 2.2 (2.4) 6.5 2.1 (2.2) 7

Difficulty 
remembering 1.6 (2.0) 12.3 1.6 (2.0) 11 1.5 (1.9) 11 1.6 (1.6) 10.5 1.6 (1.8) 12

Swelling 1.6 (2.7) 12.3 1.2 (2.2) 14.5 1.4 (2.3) 12.3 1.4 (2.3) 14.5 1.5 (2.5) 13

Diarrhea 1.1 (2.4) 15.5 0.8 (1.2) 18 0.5 (1.0) 19 0.5 (1.1) 19.5 0.9 (1.5) 18

Headache 1.1 (2.2) 15.5 1.2 (2.5) 14.5 1.1 (2.3) 16.5 1.0 (2.1) 17 1.1 (2.0) 16.5

Night sweat 0.9 (1.3) 17.5 1.1 (1.7) 16 1.4 (1.4) 12.3 1.4 (1.8) 14.5 1.2 (1.4) 15

Rash 0.9 (1.8) 17.5 1.3 (2.1) 13 1.3 (2.3) 15 1.5 (2.4) 12.5 1.1 (1.8) 16.5

Vomiting 0.7 (2.1) 19 0.4 (1.0) 20 0.3 (0.9) 20 0.5 (1.2) 19.5 0.5 (0.9) 20

Fever or chills 0.6 (1.4) 20 0.6 (1.2) 19 0.6 (1.3) 18 0.7 (1.3) 18 0.6 (1.2) 19
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with rare cancers receiving pembrolizumab remain relatively stable over the first 9 weeks of treatment and that 
baseline symptom groupings are associated with the trajectory of symptom burden over 9 weeks of treatment 
with pembrolizumab as monotherapy. Our results may inform clinicians about symptom intervention needs, 
and provide a benchmark in designing future symptom intervention clinical trial. These findings need to be 
investigated further in larger samples with longer duration of follow-up.

Figure 1.  (a) Mean values for the composite score of the top five symptoms (pain, fatigue, disturbed sleep, lack 
of appetite, and drowsiness) over 9 weeks of treatment with pembrolizumab in all patients with rare tumors 
who started the trial (N = 53). (b) Mean values for the composite score of the top five symptoms over 9 weeks 
of treatment with pembrolizumab in patients with rare tumors who completed 9 weeks of treatment with 
pembrolizumab (N = 22).



7

Vol.:(0123456789)

Scientific Reports |        (2022) 12:14367  | https://doi.org/10.1038/s41598-022-16588-3

www.nature.com/scientificreports/

0

5

10

15

20

25

30

35

40

45

50

Baseline Weeks 1-3 Weeks 4-6 Weeks 7-9

Figure 2.  Percentage of patients with moderate-to-severe severity (MDASI scores greater than or equal to 
5 on a 0–10 scale) of top 13 symptoms at baseline, weeks 1–3, weeks 4–6, and weeks 7–9 of treatment with 
pembrolizumab.

Figure 3.  (a) Group-based trajectory modeling of the top 5 symptoms. (b) Group-based trajectory modeling of 
the immunotherapy specific symptoms.
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Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request according to available guidelines at the time of request.
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