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Abstract Background: In the KEYNOTE-158 study (NCT02628067), pembrolizumab

showed a high objective response rate and durable clinical benefit for patients with previously

treated, unresectable/metastatic microsatellite instability�high (MSI-H)/mismatch repair‒
deficient (dMMR) non-colorectal solid tumours. We present health-related quality of life

(HRQoL) results from the MSI-H/dMMR population (cohort K).

Patients and methods: Eligible patients had previously treated MSI-H/dMMR advanced non-

colorectal solid tumours, measurable disease per RECIST v1.1, and ECOG performance sta-

tus �1. Patients received pembrolizumab 200 mg Q3W for 35 cycles (2 years). The EORTC

Quality of Life Questionnaire (QLQ-C30) and EQ-5D-3L were administered at baseline, at

regular intervals throughout treatment, and 30 days after treatment discontinuation. Prespe-

cified analyses (exploratory endpoints) included the magnitude of change from baseline to

post-baseline timepoints in all patients and by the best overall response for QLQ-C30 global

health status (GHS)/QoL, QLQ-C30 functional/symptom scales/items, and EQ-5D-3L visual

analogue scale (VAS) score.

Results: At data cutoff (October 5, 2020), 351 patients were enrolled, of whom 311 and 315

completed baseline QLQ-C30 and EQ-5D-3L questionnaires, respectively. QLQ-C30 GHS/

QoL scores improved from baseline to week 9 (mean [95% CI] change, 3.07 [0.19e5.94]), then

remained stable or improved by week 111, with greater improvements observed in patients

with a best response of complete response (CR) or partial response (PR) (10.85 [6.36

e15.35]). Patients with CR/PR showed improvements in physical (5.58 [1.91e9.25]), role
(9.88 [3.80e15.97]), emotional (5.62 [1.56e9.68]), and social (8.33 [2.70e13.97]) functioning,

and stable cognitive functioning (1.74 [�1.45 to 4.94]).

Conclusions: Pembrolizumab generally improved or preserved HRQoL in patients with previ-

ously treated MSI-H/dMMR advanced non-colorectal solid tumours.

ª 2022 Merck Sharp & Dohme LLC., a subsidiary Merck & Co., Inc., Rahway, NJ, USA and

The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Microsatellite instability (MSI), which is caused by
DNA mismatch repair deficiency (dMMR), is a strong

mutator phenotype observed in some cancers [1e3].

Tumours with high levels of MSI (MSI-H)/dMMR are

at increased risk of further DNA mutations relative to

other tumours [3,4]. Programmed death 1 (PD-1) and

programmed death ligand 1 (PD-L1) are often upregu-

lated in MSI-H tumours, both on tumour cells and in

infiltrating lymphocytes [1]. MSI-H/dMMR status has
subsequently emerged as a biomarker that can be

employed to identify patients likely to respond to

treatment with certain immune checkpoint inhibitors [1].

Pembrolizumab, an anti‒PD-1 monoclonal antibody,

has demonstrated efficacy in the treatment of patients

with unresectable or metastatic MSI-H/dMMR solid

tumours in the ongoing phase 2, open-label, multicohort

KEYNOTE-158 study (NCT02628067) [5]. One cohort
of KEYNOTE-158 (cohort K) enrolled patients with

MSI-H/dMMR tumours irrespective of the anatomic

site [5]. Among patients in cohort K, the objective

response rate (complete or partial response [CR/PR])

was 30.8%, with 70.1% of responders maintaining an

objective response for �36 months [6]. Stable disease

(SD) was observed for 19.0% of patients, and progres-

sive disease (PD) for 40.8%. Median PFS and OS were
3.5 (95% CI, 2.3e4.2) months and 20.1 (14.1e27.1)

months, respectively.
Assessment of patient-reported outcomes (PROs),

such as health-related quality of life (HRQoL), repre-

sents an important endpoint in the evaluation of cancer

treatments [7,8]. Changes in PROs can be associated

with objective outcome measures and augment the un-
derstanding of treatment effects [9]. Factors assessed by

PROs may influence a patient’s assessment of the risk-

benefit associated with treatment [10]. The European

Organisation for Research and Treatment of Cancer

(EORTC) Quality of Life Questionnaire‒Core 30

(QLQ-C30) is perhaps the most widely used PRO in-

strument in the oncology setting [9,11]. The EuroQol 5-

Dimensions 3-Level (EQ-5D-3L) questionnaire, which is
not cancer-specific, is sensitive to HRQoL changes in

patients with cancer [12,13]. Characterization of PROs

using the EORTC QLQ-C30 and the EQ-5D-3L ques-

tionnaires was included as a prespecified exploratory

objective in the KEYNOTE-158 study, both overall and

according to subgroups defined by patients’ best overall

response. We present the results from these PRO end-

points for patients with MSI-H/dMMR tumours in
cohort K.

2. Methods

2.1. Study design and patient eligibility

KEYNOTE-158 is a phase 2, multicentre, multicohort,

single-arm, open-label study of pembrolizumab

http://creativecommons.org/licenses/by-nc-nd/4.0/
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monotherapy [5]. The study protocol was approved by

the institutional review board or independent ethics

committee at each study site prior to enrolling the first

patient. Patients provided written informed consent

before participating.

As previously described [6], patients were eligible to

enrol in cohort K if they were �18 years old, had his-

tologic or cytologic documentation of an advanced
(metastatic or unresectable), incurable solid tumour that

was MSI-H or dMMR (assessed as described below),

and had disease progression on or intolerance to prior

standard treatment. Patients had measurable disease per

RECIST v1.1, confirmed by blinded independent central

radiologic review; Eastern Cooperative Oncology

Group (ECOG) performance status of 0 or 1; life ex-

pectancy of �3 months; and adequate organ function.

2.2. Study treatment

Patients received intravenous pembrolizumab 200 mg

every 3 weeks for 35 cycles (approximately 2 years) or

until documented disease progression, unacceptable

toxicity, an intercurrent illness that prevented further

treatment, investigator decision, or patient withdrawal

of consent.

2.3. Assessments

At screening, MSI/MMR status was prospectively

assessed at local laboratories using tumour tissue sam-

ples and immunohistochemistry (IHC) or polymerase

chain reaction (PCR). MSI/MMR status was deter-

mined as previously described [6].

Tumour imaging was performed by computed to-
mography (preferred modality) or magnetic resonance

imaging at baseline, every 9 weeks during treatment for

the first year, and every 12 weeks thereafter.

Two patient-reported outcomes instruments were

administered: the EORTC QLQ-C30 [11] and the EQ-

5D-3L [13]. Questionnaires were administered by

trained site personnel at baseline, regular intervals

throughout treatment (cycles 1, 2, 3, 4, 7, 10, 14, and
every subsequent fourth cycle until disease progression

or treatment discontinuation), and 30 days after treat-

ment discontinuation (or the time of the mandatory

safety follow-up visit). At each time point, the EQ-5D-

3L questionnaire was administered first, followed by the

EORTC QLQ-C30; questionnaires were administered

before dosing, before AEs were evaluated, and before

tumour imaging was done.

2.4. Endpoints and statistical analyses

The primary study objective was the objective response

rate per RECIST v1.1 by independent central radiologic

review. A prespecified exploratory objective was the
change between baseline and post-baseline time points

in QLQ-C30 and EQ-5D-3L scores, both overall and

according to the best overall response (i.e. CR, PR,

stable disease [SD], progressive disease [PD]). Addi-

tional PRO endpoints included QLQ-C30 global health

status (GHS)/QoL scores; change from baseline to week

9 in QLQ-C30 GHS/QoL, functional scales, symptom

scales, and single items and the EQ-5D-3L utility score
and visual analogue scale (VAS); and the proportion of

patients whose QLQ-C30 scores deteriorated (�10-point

reduction), remained stable (<10-point change), or

improved (�10-point improvement).

PRO analyses included all patients who received �1

pembrolizumab dose and completed �1 questionnaire.

Patients were considered to have completed a ques-

tionnaire if they completed �1 item on the PRO in-
strument. Completion rates were calculated as the

percentage of patients who completed a PRO instrument

at each time point divided by the total number of pa-

tients in the analysis population. PRO compliance was

calculated as the percentage of patients who completed

the questionnaire among those who were expected to

complete the questionnaire at each time point (i.e. pa-

tients who remained on treatment and had a scheduled
study visit), excluding those missing by design.

QLQ-C30 GHS/QoL scores were analyzed using

summary statistics. Changes in QLQ-C30 and EQ-5D-

3L scores from baseline to week 9 were analyzed using a

repeated measures model based on the missing at

random assumption. Changes from baseline were also

analyzed through week 111, the last time point that

PRO data were collected before the data cutoff date.
Summary statistics were used to analyze the proportion

of patients whose QLQ-C30 scores deteriorated,

remained stable, or improved.

3. Results

3.1. Patients

At data cutoff (October 5, 2020), 351 patients in cohort

K had received pembrolizumab treatment. Of these, 58

(16.5%) had completed treatment, 237 (67.5%) had dis-

continued, and 56 (16.0%) remained on study treatment.
Discontinuations were due to radiographic or clinical

progression (n Z 179), AE (n Z 38), patient withdrawal

(n Z 10), CR (n Z 5), physician decision (n Z 3), and

excluded medication (n Z 2). Median (range) age was

60.0 (20e89) years and 80.9% of patients were White.

Most had stage IV disease (96.9%) and had received �2

lines of prior systemic therapy (55.6%). The most com-

mon tumour types were endometrial (22.5%), gastric
(14.5%), small intestine (7.4%), ovarian (7.1%), chol-

angiocarcinoma/biliary tract (6.3%), pancreatic

(6.3%) and brain (6.0%). No other cancer type accoun-

ted for more than 4.0% of the cohort.



Table 1
Compliance and completion rates for quality-of-life assessments.

EQ-5D-3L

(N Z 334)

EORTC QLQ-C30

(N Z 334)

Baseline

Completiona 315 (94.3) 311 (93.1)

Complianceb 315/334 (94.3) 311/334 (93.1)

Week 3

Completiona 269 (80.5) 261 (78.1)

Complianceb 269/309 (87.1) 261/309 (84.5)

Week 6

Completiona 252 (75.4) 249 (74.6)

Complianceb 252/293 (86.0) 249/293 (85.0)

Week 9

Completiona 245 (73.4) 244 (73.1)

Complianceb 245/279 (87.8) 244/279 (87.5)

Week 18

Completiona 182 (54.5) 181 (54.2)

Complianceb 182/229 (79.5) 181/229 (79.0)

Week 27

Completiona 147 (44.0) 145 (43.4)

Complianceb 147/179 (82.1) 145/179 (81.0)

Week 39

Completiona 120 (35.9) 120 (35.9)

Complianceb 120/154 (77.9) 120/154 (77.9)

Week 51

Completiona 93 (27.8) 91 (27.2)

Complianceb 93/116 (80.2) 91/116 (78.4)

Week 63

Completiona 72 (21.6) 71 (21.3)

Complianceb 72/107 (67.3) 71/107 (66.4)

Week 75

Completiona 65 (19.5) 64 (19.2)

Complianceb 65/88 (73.9) 64/88 (72.7)

Week 87

Completiona 54 (16.2) 55 (16.5)

Complianceb 54/76 (71.1) 55/76 (72.4)

Week 99

Completiona 52 (15.6) 52 (15.6)

Complianceb 52/66 (78.8) 52/66 (78.8)

Week 111

Completiona 44 (13.2) 44 (13.2)

Complianceb 44/55 (80.0) 44/55 (80.0)

EORTC QLQ-C30, European Organisation for Research and Treat-

ment of Cancer Quality of Life Questionnaire-Core 30; EQ-5D-3L,

EuroQol 5-Dimensions 3-Level.
a Completion rates were calculated as the percentage of patients who

completed a PRO instrument (i.e. completed at least one item) at each

time point divided by the total number of patients in the analysis

population.
b Compliance rates were calculated as the percentage of patients who

completed the questionnaire among those who were expected to

complete the questionnaire at each time point (i.e. patients who

remained on treatment and had a scheduled study visit), excluding

those missing by design.
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3.2. PRO instrument completion and compliance

Of the 334 patients who were expected to complete
questionnaires at baseline, 311 completed the QLQ-C30

and 315 completed the EQ-5D-3L, reflecting compliance

rates of 93.1% and 94.3%, respectively (Table 1).

Compliance rates remained high at the primary analysis

time point of week 9 (87.5% and 87.8%, respectively)

and throughout the remainder of the follow-up period

through week 111.

3.3. QLQ-C30

In the overall cohort, QLQ-C30 GHS/QoL scores

improved by a mean (95% CI) of 3.07 (0.19e5.94) points

from baseline to week 9, then remained stable or

continued to improve through week 111 (Fig. 1A, Table

2). When analyzed by the best overall response, mean

(95% CI) changes from baseline to week 9 were 10.85

(6.36e15.35) for patients who achieved CR/PR, 2.36

(�2.48 to 7.20) for patients with SD, and �3.70 (�8.49
to 1.08) for patients with PD.

Among all patients, mean (95% CI) improvements

were observed from baseline to week 9 for the QLQ-C30

role functioning scale (4.26 [0.61e7.90]), whereas scores

were stable for social (1.88 [�1.67 to 5.42]), emotional

(1.19 [�1.28 to 3.66]), physical (�0.06 [�2.54 to 2.42]),

and cognitive functioning (�2.09 [�4.44 to 0.25];

Fig. 2A). Patients with CR/PR showed improvements
from baseline to week 9 in role (9.88 [3.80e15.97]),

physical (5.58 [1.91e9.25]), emotional (5.62

[1.56e9.68]), and social functioning (8.33 [2.70e13.97])

but had no change in cognitive functioning (1.74 [�1.45

to 4.94]). Patients with SD had improvements in role

functioning (7.86 [0.91e14.82]), with no change in

physical (0.63 [�2.87 to 4.13]), emotional (2.99 [�2.27 to

8.24]), cognitive (�0.31 [�4.39 to 3.76]) or social func-
tioning (3.77 [�2.38 to 9.93]) scores. For patients with

PD, no change was observed in role (�2.59 [�8.35 to

3.16]) or social functioning (�5.00 [�11.22 to 1.22])

scores, but scores worsened for physical (�5.41 [�9.87

to �0.94]), emotional (�4.17 [�7.99 to �0.35]), and

cognitive functioning (�6.48 [�11.00 to �1.96]).

Improvements from baseline to week 9 were observed

for the overall cohort for the QLQ-C30 symptom scales
of pain (mean [95% CI], �4.69 [�8.46 to �0.92]),

insomnia (�4.76 [�8.52 to �1.00]), and appetite loss

(�4.47 [�8.15 to �0.79]; Fig. 2B). For patients with CR/

PR, scores improved for fatigue (�7.36 [�12.32 to

�2.41]), nausea and vomiting (�3.49 [�6.64 to �0.33]),

pain (�11.82 [�17.51 to �6.13]), appetite loss (�13.95

[�18.91 to �8.99]), and financial difficulties (�12.79

[�19.10 to �6.48]); scores were unchanged for dyspnea
(�2.33 [�6.95 to 2.30]), insomnia (�3.88 [�9.51 to

1.76]), constipation (�4.65 [�10.04 to 0.74]), and diar-

rhoea (2.71 [�1.27 to 6.70]). For patients with SD,

symptom scores improved for dyspnea (�8.18 [�15.13
to �1.22]), and insomnia (�10.69 [�18.90 to �2.48]);

scores were unchanged for nausea and vomiting (0.63

[�3.40 to 4.65]), fatigue (�2.31 [�7.12 to 2.51]), pain

(�5.35 [�13.03 to 2.34]), appetite loss (�1.89 [�7.42 to

3.64]), constipation (�1.26 [�6.95 to 4.43]), diarrhoea

(�4.40 [�10.91 to 2.10]), and financial difficulties (0.00

[�8.26 to 8.26]). For patients with PD, scores were un-

changed for symptoms of nausea and vomiting (4.26
[�0.50 to 9.01]), pain (3.15 [�3.19 to 9.49]), dyspnea
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Fig. 1. Change from baseline in (A) EORTC QLQ-C30 GHS/QoL scores and (B) EQ-5D-3L visual analogue scale scores. EORTC QLQ-

C30. EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire-Core 30; EQ-5D-

5L, EuroQol 5-Dimensions 5-Level questionnaire; GHS/QoL, global health status/quality of life.
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(5.56 [�0.29 to 11.41]), insomnia (�1.11 [�7.25 to 5.03]),

appetite loss (3.33 [�3.85 to 10.51]), constipation (1.48
[�4.96 to 7.93]), diarrhoea (�1.85 [�5.95 to 2.25]), and

financial difficulties (�0.37 [�5.33 to 4.59]), but wors-

ened for fatigue (5.19 [0.29 to 10.08]).
Table 2
Changes from baseline to week 9 in the QLQ-C30 GHS/QoL scale and in

Overall cohort Best Obje

Patients w

QLQ-C30 GHS/QoL scale

N 231 86

Baseline 65.22 (19.93) 66.67 (20.

Change, baseline to week 9 3.07 (0.19e5.94) 10.85 (6.3

EQ-5D-3L Utility Scale

N 233 87

Baseline 0.73 (0.21) 0.75 (0.19

Change, baseline to week 9 �0.00 (�0.03 to 0.02) 0.08 (0.04

EQ-5D-3L Visual Analogue Scale

N 233 87

Baseline 70.37 (18.45) 73.78 (16.

Change, baseline to week 9 2.88 (0.72e5.03) 6.74 (3.51

CR, complete response; QLQ-C30, Quality of Life Questionnaire-Core 30;

global health status/quality of life; PD, progressive disease; PR, partial res
a One patient had the best overall confirmed response that was not CR, P

week 9 scores were as follows: QLQ-C30 GHS/QoL, 33.3 and 33.3; EQ-5D-3

30.00, respectively.
In the overall cohort, more than 75% of patients

experienced either improved (�10-point improvement in
score from baseline) or stable (<10-point change from

baseline) scores at week 9 for GHS/QoL (improved,

32.0%; stable, 45.9%) and all functional and symptom
the EQ-5D-3L Utility Scale and Visual Analogue Scale.

ctive Responsea

ith CR/PR Patients with SD Patients with PD

53 90

21) 70.28 (18.74) 61.30 (19.65)

6e15.35) 2.36 (�2.48 to 7.20) �3.70 (�8.49 to 1.08)

53 91

) 0.79 (0.16) 0.67 (0.24)

e0.11) �0.01 (�0.06 to 0.04) �0.08 (�0.12 to �0.03)

53 91

14) 72.47 (18.60) 66.18 (19.80)

e9.96) 4.40 (0.25e8.54) �1.88 (�5.62 to 1.86)
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R, SD, or PD. For that patient, baseline and change from baseline to

L utility scale, 0.64 and 0.12, respectively; EQ-5D-3L VAS, 50.00 and



GHS/QoL Physical
functioning

Role
functioning

Emotional
functioning

Cognitive
functioning

Social
functioning

-12

-8

-4

0

4

8

12

16

C
ha

ng
e

Fr
om

B
as

el
in

e,
M

ea
n

(9
5%

C
I)

Worsened

Improved

All patients (n = 231) CR/PR (n = 86) SD (n = 53) PD (n = 90)

Fatigue Nausea/
vomiting

Pain Dyspnea Insomnia Appetite
loss

Constipation Diarrhea Financial
difficulties

-20

-16

-12

-8

-4

0

4

8

12

C
ha

ng
e

Fr
om

B
as

el
in

e,
M

ea
n

(9
5%

C
I)

Worsened

Improved

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

0

10

20

30

40

50

60

70

80

90

100

Pa
tie

nt
s,

%

GHS/QoL Physical
Functioning

Role
Functioning

Emotional
 Functioning

Cognitive
 Functioning

Social
 Functioning

WorsenedStableImproved

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

All
pts

CR/
PR

0

10

20

30

40

50

60

70

80

90

100

Pa
tie

nt
s,

%
Fatigue Nausea/

Vomiting
Pain Dyspnea Insomnia Appetite

Loss
Constipation Diarrhea Financial

difficulties

A

B

C

D

Fig. 2. Mean change from baseline to week 9 in the (A) QLQ-C30 GHS/QoL and functional scales and (B) QLQ-C30 symptom scales and

proportion of patients with QLQ-C30 improved/stable/worsened scores on the (C) QLQ-C30 GHS/QoL and functional scales and (D)

QLQ-C30 symptom scales. CR, complete response; EORTC QLQ-C30, European Organisation for Research and Treatment of Cancer

Quality of Life Questionnaire-Core 30; PD, progressive disease; PR, partial response; SD, stable disease.
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scales/items (Fig. 2C and D). The largest improvements

were seen for functional scales of role (35.1%) and social
(29.9%) functioning and symptom scales/items of fatigue

(40.3%), pain (39.8%), insomnia (28.6%), and appetite

loss (28.1%). Across all functional scales and most

symptom scales, patients with CR/PR accounted for the

largest proportion of improved scores at week 9.

3.4. EQ-5D-3L

In the overall cohort, the mean (standard deviation)

baseline EQ-5D-3L utility score was 0.73 (0.21) (Table 2).

At week 9, the mean EQ-5D-3L utility score was un-

changed from baseline (0.00 [95% CI, �0.03 to 0.02]).

Patients with a best objective response of CR/PR, SD, or

PD hadmean (standard deviation) baseline scores of 0.75

(0.19), 0.79 (0.16), and 0.67 (0.24), respectively.Atweek 9,
mean (95% CI) changes from baseline were 0.08

(0.04e0.11), �0.01 (�0.06 to 0.04), and �0.08 (�0.12 to

�0.03), respectively.

The mean (standard deviation) baseline EQ-5D-3L

VAS score for the overall cohort was 70.37 (18.45). The

VAS score increased by a mean (95% CI) of 2.88

(0.72e5.03) points by week 9 (Fig. 1B) and then

remained stable or further improved from week 9
through week 111. In analyses according to best objec-

tive response, patients with CR/PR, SD, and PD had

mean (standard deviation) baseline EQ-5D-3L VAS

scores of 73.78 (16.14), 72.47 (18.60), and 66.18 (19.80),
respectively. At week 9, mean (95% CI) changes from

baseline were 6.74 (3.51e9.96), 4.40 (0.25e8.54), and
�1.88 (�5.62 to 1.86), respectively.

4. Discussion

In this prespecified exploratory PRO analysis from the

KEYNOTE-158 study, HRQoL was generally improved

or preserved in patients with previously treated MSI-H/
dMMR advanced non-colorectal solid tumours who

received pembrolizumab monotherapy. In the overall

study population, QLQ-C30 GHS/QoL scores increased

(improved) from baseline to week 9. GHS/QoL scores

were maintained or further increased through week 111.

Moreover, we found that achievement of an objective

radiologic response was associated with improvements in

GHS/QoL. Patients who attained CR/PR per RECIST
v1.1 per independent radiologic review had larger in-

creases in the QLQ-C30 GHS/QoL scale (mean, 10.85

points) than those with SD (2.36 points) or PD (�3.70

points). Notably, the mean change in GHS/QoL score at

week 9 among patients with an objective response

exceeded the minimal clinically important difference in

the QLQ-C30 GHS/QoL score reported in the literature

[14], supporting the clinical relevance of this outcome.
The finding of patients who attained CR/PR reporting

greater improvements than those with SD or PD was

consistent across all QLQ-C30 functioning domains and

most symptom scales.
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The analysis assessed rates of improvement, stability,

or deterioration in QLQ-C30 scores using a 10-point

change as the threshold for improvement or deteriora-

tion. This magnitude of change is generally considered

by patients to reflect a moderate or large change in

HRQoL [15] and can be considered clinically meaning-

ful [16,17]. Using this 10-point threshold, approximately

one-third of patients had clinically meaningful im-
provements in GHS/QoL from baseline to week 9, and

more than three-quarters of patients had improved or

stable GHS/QoL scores. Again, the subgroup of patients

with CR/PR had the highest proportion (41%) of pa-

tients with clinically meaningful improvement; scores

remained stable (i.e. less than 10-point change) for an

additional 50% of patients. Similar findings were

observed across QLQ-C30 functioning domains and
symptom scores, for which most patients with CR/PR

had clinically meaningful improvement or stability in

scores. Although a majority of patients with SD had

improvement or stability across QLQ-C30 domains, the

percentages were numerically lower than observed in the

subgroup with CR/PR. Stability or deterioration in

QLQ-C30 scores from baseline to week 9 was observed

for most patients with PD.
Changes in EQ-5D-3L VAS scores were consistent

with the QLQ-C30 results. The analysis by best overall

response was also consistent with the QLQ-C30 results,

with the greatest increases observed for patients with

CR/PR, smaller increases observed for those with SD,

and no change for those with PD.

The principal limitation of our study was its single-

arm design, which was necessitated by the enrollment of
a patient population for whom all standard therapies

had been ineffective and, for cohort K, the lack of a

single standard therapy for patients with MSI-H/

dMMR tumours that could be administered in a con-

trol arm. Nonetheless, our findings are consistent with

randomised controlled studies that evaluated HRQoL

with pembrolizumab or other immune checkpoint in-

hibitors and enrolled patients according to the anatomic
origin of the tumour. In the KEYNOTE-024 study of

pembrolizumab versus platinum-based chemotherapy in

patients with non‒small-cell lung cancer with PD-L1

tumour proportion score �50%, patients treated with

pembrolizumab had a least-squares mean 6.9-point in-

crease from baseline to week 15 in the QLQ-C30 GHS/

QoL score, a significant improvement compared with

patients who received chemotherapy (�0.9-point
reduction; between-group difference, 7.8 points,

P Z 0.002) [18]. In the KEYNOTE-006 study of pem-

brolizumab Q2W or Q3W versus ipilimumab in patients

with advanced melanoma, smaller deteriorations in

QLQ-C30 GHS/QoL scores were observed at treatment

week 12 for the pembrolizumab doses (reductions of

�1.9 and �2.5, respectively) than for ipilimumab

(reduction of �10.0; P < 0.001 vs both pembrolizumab
doses) [19]. In KEYNOTE-177, PRO data were
provided by 294 patients with metastatic MSI-H/

dMMR colorectal cancer who received pembrolizumab

(n Z 152) or chemotherapy (n Z 142) [20]. For the

QLQ-C30 GHS/QoL scale, the 8.96-point (95% CI,

4.24e13.69) least-squares mean difference between

groups favoured pembrolizumab. The pembrolizumab

group also had longer median times to deterioration in

GHS/QoL, physical and social functioning, and fatigue
scores. PROs were also reported for 74 heavily pre-

treated patients with MSI-H/dMMR colorectal cancer

who received nivolumab in the CheckMate 142 study

[21]. For those patients, QLQ-C30 scores improved by

treatment week 13 for the GHS/QoL scale (an increase

of 8.7 points) and subscales of social and emotional

functioning (12.5 and 9.1 points, respectively). Scores

for the symptoms of pain, insomnia, and fatigue also
improved (reductions of 16.2, 10.5, and 9.6 points,

respectively) by week 13, and the EQ-5D-3L VAS score

increased by 13.9 points.

To our knowledge, this is the first report of PRO data

for a PD-1/PD-L1 inhibitor in a tumour-agnostic pop-

ulation. Given the large size of cohort K and enrollment

of patients with MSI-H/dMMR tumours irrespective of

primary anatomic site, the current analysis provides
broad insight into HRQoL changes experienced by such

patients during pembrolizumab monotherapy. Compli-

ance rates remained high through week 111 (limiting the

potential for selection bias), although completion rates

for PRO instruments declined as patients discontinued

treatment. We are aware of one other study that assessed

PROs for patients with non-colorectal MSI-H/dMMR

tumours treated with an immune checkpoint inhibitor.
In the GARNET study of the anti‒PD-1 monoclonal

antibody dostarlimab in patients with MSI-H/dMMR

advanced endometrial cancer, there were increases over

baseline in QLQ-C30 scores for physical functioning

beginning at cycle 4 and for disease-related symptoms of

pain and fatigue beginning at cycles 1 and 3, respectively

[22]. In GARNET, compliance rates declined over time,

from 100% at baseline to 45% at cycle 7.
In summary, pembrolizumab monotherapy was

associated with improved or stable HRQoL for many

patients with advanced MSI-H/dMMR non-colorectal

solid tumours. The improvements became apparent by

treatment week 9, were maintained throughout the

remainder of the study, and were clinically meaningful

for a substantial proportion of patients, particularly

those who achieved an objective radiologic response
during treatment. These PRO analyses support the ef-

ficacy and safety results for pembrolizumab in this

population [6].

Funding

This work was supported by Merck Sharp & Dohme

LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ,

USA.



M. Maio et al. / European Journal of Cancer 169 (2022) 188e197 195
Role of the funding source

The sponsor was involved in the design and conduct

of the study; collection, management, analysis, and

interpretation of the data; preparation, review, and

approval of the manuscript; and decision to submit the

manuscript for publication.

Data sharing

Merck Sharp & Dohme LLC, a subsidiary of Merck &

Co., Inc., Rahway, NJ, USA (MSD) is committed to

providing qualified scientific researchers access to ano-
nymised data and clinical study reports from the com-

pany’s clinical trials for the purpose of conducting

legitimate scientific research. MSD is also obligated to

protect the rights and privacy of trial participants,

and, as such, has a procedure in place for evaluating and

fulfilling requests for sharing company clinical trial data

with qualified external scientific researchers. The MSD

data sharing website (available at: http://engagezone.
msd.com/ds_documentation.php) outlines the process

and requirements for submitting a data request.

Applications will be promptly assessed for

completeness and policy compliance. Feasible requests

will be reviewed by a committee of MSD subject

matter experts to assess the scientific validity of the

request and the qualifications of the requestors. In line

with data privacy legislation, submitters of approved
requests must enter into a standard data-sharing

agreement with MSD before data access is granted.

Data will be made available for request after product

approval in the US and EU or after product develop-

ment is discontinued. There are circumstances that may

prevent MSD from sharing requested data, including

country or region-specific regulations. If the request is

declined, it will be communicated to the investigator.
Access to genetic or exploratory biomarker data re-

quires a detailed, hypothesis-driven statistical analysis

plan that is collaboratively developed by the requestor

and MSD subject matter experts; after approval of the

statistical analysis plan and execution of a data-sharing

agreement, MSD will either perform the proposed an-

alyses and share the results with the requestor or will

construct biomarker covariates and add them to a file
with clinical data that is uploaded to an analysis portal

so that the requestor can perform the proposed analyses.

Author contributions

M. Maio had full access to all the data in the study and
has taken responsibility for the integrity and accuracy of

the data analysis. Conception, design, or planning of the

study: J.M. Norquist, T. Doi, M. Gottfried, K. Nor-

wood, Acquisition, analysis, or interpretation of the

data: M. Maio, M.M. Amonkar, J.M. Norquist, P.A.
Ascierto, L. Manzyuk, D. Motola-Kuba, N. Penel, P.A.

Cassier, G.M. Bariani, A.D.J. Acosta, T. Doi, F.

Longo, W.H. Miller, Jr., D.-Y. Oh, R. Wang, K. Nor-

wood, A. Marabelle, Provision of study materials/pa-

tients: M. Maio, P.A. Ascierto, L. Manzyuk, N. Penel,

P.A. Cassier, G.M. Bariani, A.D.J. Acosta, W.H.

Miller, Jr., M. Gottfried, A. Marabelle, Drafting of the

manuscript: G.M. Bariani, T. Doi, D.-Y. Oh, K.
Norwood.

Conflict of Interest Statement

The authors declare the following financial interests/

personal relationships, which may be considered as po-

tential competing interests.

Michele Maio: study funding to the institution from

Merck Sharp & Dohme LLC, and Merck & Co., Inc.,

Rahway, NJ, USA, to support study conduct; honoraria

for serving as a speaker from MSD, Roche, Bristol

Myers Squibb (BMS), Sanofi, AstraZeneca, Amgen,
Pierre Fabre, Eli Lilly, GlaxoSmithKline (GSK), Sci-

clone, Alfasigma, and Merck Serono; personal fees for

advisory boards from Merck Sharp & Dohme LLC,

Roche, BMS, Incyte, AstraZeneca, Amgen, Pierre

Fabre, Eli Lilly, Sanofi, GSK, Alfasigma, and Merck

Serono; stockholder in Epigen Therapeutics and

Theravance.

Mayur M. Amonkar: employee of Merck Sharp &
Dohme LLC, a subsidiary of Merck & Co., Inc., Rah-

way, NJ, USA. Owns stock in Merck & Co., Inc.,

Rahway, NJ, USA.

Josephine M. Norquist: employee of Merck Sharp &

Dohme LLC, a subsidiary of Merck & Co., Inc., Rah-

way, NJ, USA. Owns stock in Merck & Co., Inc.,

Rahway, NJ, USA.

Paolo A. Ascierto: research funding from Bristol
Myers Squibb, Roche-Genentech, Array, and Sanofi;

personal fees for advisory/consultant role for Bristol

Myers Squibb, Roche-Genentech, MSD, Array,

Novartis, Merck Serono, Pierre Fabre, Incyte, MedI-

mmune, AstraZeneca, Syndax, Sun Pharma, Sanofi,

Idera, Ultimovacs, Sandoz, Immunocore, 4SC,

Alkermes, Nektar, Italfarmaco, Boehringer-Ingelheim,

Eisai, Regeneron, Daiichi Sankyo, Pfizer, Oncosec,
Nouscom, Lunaphore, and Seagen; personal fees for

travel support from MSD; unpaid consultant for Takis.

Ludmila Manzyuk: nothing to disclose.

Daniel Motola-Kuba: research funding from Roche/

Genentech, Novartis, Amgen, Bristol Myers Squibb,

GlaxoSmithKline, Janssen, Eli Lilly, AstraZeneca, and

MSD.

Nicolas Penel: study funding to the institution from
MSD to support study conduct; research funding to the

institution from Bayer-HealthCare.

Philippe A. Cassier: research funding from Roche/

Genentech, Novartis, Amgen, Bristol Myers Squibb,

http://engagezone.msd.com/ds_documentation.php
http://engagezone.msd.com/ds_documentation.php


M. Maio et al. / European Journal of Cancer 169 (2022) 188e197196
Blueprint Medicines, GlaxoSmithKline, Janssen, Eli

Lilly, Taiho Pharmaceutical, AstraZeneca, MSD, Cel-

gene, AbbVie, Toray Industries, Transgene, Innate

Pharma, and Loxo; personal fees from Roche/Gen-

entech, Novartis, Amgen, Merck Serono, and AstraZe-

neca; nonfinancial support from Roche/Genentech,

Novartis, AstraZeneca, MSD, and Plexxikon; travel

accommodations from NETRIS Pharma.
Giovanni Mendonca Bariani: research funding from

mAbxience, MSD, and Bristol Myers Squibb; advisory

role for Libbs.

Ana De Jesus Acosta: research funding from Astra-

Zeneca, Merck & Co., Inc., Rahway, NJ, USA;

consulting for Merck & Co., Inc., Rahway, NJ, USA.

Toshihiko Doi: honoraria from AbbVie, Astellas

Pharma, Bristol Myers Squibb Japan, Oncolys Bio-
Pharma, Ono Pharmaceutical, and Taiho Pharmaceu-

tical; consulting or advisory role for AbbVie, Amgen,

Bayer, Boehringer Ingelheim, Daiichi Sankyo, MSD,

Novartis, Otsuka, Rakuten Medical, Sumitomo Dai-

nippon, Taiho Pharmaceutical, and Takeda; research

funding to the institution from AbbVie, Boehringer

Ingelheim, Bristol Myers Squibb, Daiichi Sankyo, Eisai,

Lilly Japan, Merck Serono, MSD, Novartis, Pfizer,
Quintiles, Sumitomo Group, and Taiho Pharmaceutical.

Federico Longo: honoraria from Amgen, Bayer,

Bristol Myers Squibb, Celgene, Ferrer, Lilly, Merck,

MSD, Roche, Sanofi, and SERVIER; consulting or

advisory role for Amgen, Bayer, Bristol Myers Squibb,

Lilly, MSD, Roche, and SERVIER; travel expenses from

Amgen, Bayer, Bristol Myers Squibb, Celgene, Ferrer,

Lilly, Merck, MSD, Roche, Sanofi, and SERVIER.
Wilson H. Miller, Jr.: consulting role for Bristol Myers

Squibb, Merck & Co., Inc., Rahway, NJ, USA, Roche,

Novartis, Amgen, GSK, Mylan, and EMD Serono;

honoraria from BMS, Merck, Roche, GSK, Novartis,

Amgen, Mylan, and EMD Serono; grants to the institu-

tion from Merck, CIHR, CRS, Terry Fox Research

Institute, Samuel Waxman Cancer Research Foundation,

and CCSRI; current or past (within the prior two years)
investigator in clinical trials for BMS, Novartis, GSK,

Roche, AstraZeneca, Methylgene, MedImmune, Bayer,

Amgen Merck, Incyte, Pfizer, Sanofi, Array, MiMic,

Ocellaris Pharma, Astellas, and Alkermes.

Do-Youn Oh: consultant or advisory board member

for AstraZeneca, Novartis, Genentech/Roche, Merck

Serono, Bayer, Taiho, ASLAN, Halozyme, Zymeworks,

Bristol Myers Squibb/Celgene, BeiGene, Basilea, and
Turning Point; research grant from AstraZeneca,

Novartis, Array, Eli Lilly, Servier, BeiGene, MSD, and

Handok.

Maya Gottfried: nothing to disclose.

Ruixue Wang: employee of Merck Sharp & Dohme

LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ,

USA.Owns stock inMerck&Co., Inc.,Rahway,NJ,USA.

Kevin Norwood: employee of Merck Sharp &
Dohme LLC, a subsidiary of Merck & Co., Inc.,
Rahway, NJ, USA. Owns stock in Merck & Co., Inc.,

Rahway, NJ, USA.

Aurelien Marabelle: funding to institution during the

conduct of the study from MSD; honorarium from

MSD and Sanofi; research grants from Foundation

MSD Avenir, Sanofi, and Bristol Myers Squibb; per-

sonal fees for speakers bureau from Bristol Myers

Squibb, Sanofi, and MSD.
Acknowledgements

We thank the patients and their families and care-

givers for participating in this study, along with all in-

vestigators and site personnel. Medical writing
assistance was provided by Autumn Kelly, MA, of

ICON plc (Blue Bell, PA, USA). This assistance was

funded by Merck Sharp & Dohme LLC, a subsidiary of

Merck & Co., Inc., Rahway, NJ, USA.

Appendix A. Supplementary data

Supplementary data to this article can be found online

at https://doi.org/10.1016/j.ejca.2022.03.040.
References

[1] Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite insta-

bility as a biomarker for PD-1 blockade. Clin Cancer Res 2016;22:

813e20. https://doi.org/10.1158/1078-0432.CCR-15-1678.

[2] Yamamoto H, Imai K. Microsatellite instability: an update. Arch

Toxicol 2015;89:899e921. https://doi.org/10.1007/s00204-015-

1474-0.

[3] Yang G, Zheng RY, Jin ZS. Correlations between microsatellite

instability and the biological behaviour of tumours. J Cancer Res

Clin Oncol 2019;145:2891e9. https://doi.org/10.1007/s00432-019-

03053-4.

[4] Chang L, Chang M, Chang HM, Chang F. Microsatellite insta-

bility: a predictive biomarker for cancer immunotherapy. Appl

Immunohistochem Mol Morphol 2018;26:e15e21. https:

//doi.org/10.1097/PAI.0000000000000575.

[5] Marabelle A, Le DT, Ascierto PA, et al. Efficacy of pem-

brolizumab in patients with noncolorectal high microsatellite

instability/mismatch repair-deficient cancer: results from the

phase II KEYNOTE-158 study. J Clin Oncol 2020;38:1e10. https:
//doi.org/10.1200/JCO.19.02105.

[6] Maio M, Ascierto PA, Manzyuk L, et al. Pembrolizumab in mi-

crosatellite instability high (MSI-H)/mismatch repair deficient

(dMMR) cancers: updated analysis from phase 2 KEYNOTE-158

study [Abstract]. J Clin Oncol 2021;39:2565. https:

//doi.org/10.1200/JCO.2021.39.15_suppl.2565.

[7] Damm K, Roeske N, Jacob C. Health-related quality of life

questionnaires in lung cancer trials: a systematic literature re-

view. Health Econ Rev 2013;3:15. https://doi.org/10.1186/2191-

1991-3-15.

[8] Nolte S, Liegl G, Petersen MA, et al. General population

normative data for the EORTC QLQ-C30 health-related quality

of life questionnaire based on 15,386 persons across 13 European

countries, Canada and the Unites States. Eur J Cancer 2019;107:

153e63. https://doi.org/10.1016/j.ejca.2018.11.024.
[9] Mercieca-Bebber R, Costa DS, Norman R, et al. The EORTC

Quality of Life Questionnaire for cancer patients (QLQ-C30):

https://doi.org/10.1016/j.ejca.2022.03.040
https://doi.org/10.1158/1078-0432.CCR-15-1678
https://doi.org/10.1007/s00204-015-1474-0
https://doi.org/10.1007/s00204-015-1474-0
https://doi.org/10.1007/s00432-019-03053-4
https://doi.org/10.1007/s00432-019-03053-4
https://doi.org/10.1097/PAI.0000000000000575
https://doi.org/10.1097/PAI.0000000000000575
https://doi.org/10.1200/JCO.19.02105
https://doi.org/10.1200/JCO.19.02105
https://doi.org/10.1200/JCO.2021.39.15_suppl.2565
https://doi.org/10.1200/JCO.2021.39.15_suppl.2565
https://doi.org/10.1186/2191-1991-3-15
https://doi.org/10.1186/2191-1991-3-15
https://doi.org/10.1016/j.ejca.2018.11.024


M. Maio et al. / European Journal of Cancer 169 (2022) 188e197 197
Australian general population reference values. Med J Aust 2019;

210:499e506. https://doi.org/10.5694/mja2.50207.

[10] Khan I, Morris S, Pashayan N, Matata B, Bashir Z, Maguirre J.

Comparing the mapping between EQ-5D-5L, EQ-5D-3L and the

EORTC-QLQ-C30 in non-small cell lung cancer patients. Health

Qual Life Outcome 2016;14:60. https://doi.org/10.1186/s12955-

016-0455-1.

[11] Aaronson NK, Ahmedzai S, Bergman B, et al. The European

Organization for Research and Treatment of Cancer QLQ-C30: a

quality-of-life instrument for use in international clinical trials in

oncology. J Natl Cancer Inst 1993;85:365e76. https:

//doi.org/10.1093/jnci/85.5.365.

[12] Longworth L, Yang Y, Young T, et al. Use of generic and

condition-specific measures of health-related quality of life in

NICE decision-making: a systematic review, statistical modelling

and survey. Health Technol Assess 2014;18:1e224. https:

//doi.org/10.3310/hta18090.

[13] Pickard AS, De Leon MC, Kohlmann T, Cella D, Rosenbloom S.

Psychometric comparison of the standard EQ-5D to a 5 level

version in cancer patients. Med Care 2007;45:259e63. https:

//doi.org/10.1097/01.mlr.0000254515.63841.81.

[14] Hong F, Bosco JL, Bush N, Berry DL. Patient self-appraisal of

change andminimal clinically important difference on theEuropean

Organization for the Research and Treatment of Cancer Quality of

Life Questionnaire Core 30 before and during cancer therapy. BMC

Cancer 2013;13:165. https://doi.org/10.1186/1471-2407-13-165.

[15] Osoba D, Rodrigues G, Myles J, Zee B, Pater J. Interpreting the

significance of changes in health-related quality-of-life scores. J

Clin Oncol 1998;16:139e44. https://doi.org/10.1200/JCO.1998.16.

1.139.

[16] Garassino MC, Gadgeel S, Esteban E, et al. Patient-reported

outcomes following pembrolizumab or placebo plus pemetrexed

and platinum in patients with previously untreated, metastatic,

non-squamous non-small-cell lung cancer (KEYNOTE-189): a

multicentre, double-blind, randomised, placebo-controlled, phase
3 trial. Lancet Oncol 2020;21:387e97. https://doi.org/10.

1016/S1470-2045(19)30801-0.

[17] Mazieres J, Kowalski D, Luft A, et al. Health-related quality of

life with carboplatin-paclitaxel or nab-paclitaxel with or without

pembrolizumab in patients with metastatic squamous non-small-

cell lung cancer. J Clin Oncol 2020;38:271e80. https:

//doi.org/10.1200/JCO.19.01348.

[18] Brahmer JR, Rodriguez-Abreu D, Robinson AG, et al. Health-

related quality-of-life results for pembrolizumab versus chemo-

therapy in advanced, PD-L1-positive NSCLC (KEYNOTE-024):

a multicentre, international, randomised, open-label phase 3 trial.

Lancet Oncol 2017;18:1600e9. https://doi.org/10.1016/S1470-

2045(17)30690-3.

[19] Petrella TM, Robert C, Richtig E, et al. Patient-reported out-

comes in KEYNOTE-006, a randomised study of pembrolizumab

versus ipilimumab in patients with advanced melanoma. Eur J

Cancer 2017;86:115e24. https://doi.org/10.1016/j.ejca.2017.08.

032.

[20] Andre T, Amonkar M, Norquist JM, et al. Health-related quality

of life in patients with microsatellite instability-high or mismatch

repair deficient metastatic colorectal cancer treated with first-line

pembrolizumab versus chemotherapy (KEYNOTE-177): an open-

label, randomised, phase 3 trial. Lancet Oncol 2021;22:665e77.
https://doi.org/10.1016/S1470-2045(21)00064-4.

[21] Overman M, Kamble S, Moss R, et al. Patient-reported outcomes

in DNA mismatch repair deficient/microsatellite instability high

metastatic colorectal cancer treated with nivolumab: CheckMate

142. Ann Oncol 2017;28:107e8. https://doi.org/10.1093/annon

c/mdx261.305.

[22] Kristeleit R, Mathews C, Redondo A, Huang J, Im E, Brown J.

Patient-reported outcomes (PRO) in the GARNET trial in pa-

tients (pts) with advanced or recurrentdMMR/MSI-H endome-

trial cancer (EC) treated with dostarlimab. J Clin Oncol 2020;38:

Abstract e18032. https://doi.org/10.1200/JCO.2020.38.15_suppl.

e18032.

https://doi.org/10.5694/mja2.50207
https://doi.org/10.1186/s12955-016-0455-1
https://doi.org/10.1186/s12955-016-0455-1
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.3310/hta18090
https://doi.org/10.3310/hta18090
https://doi.org/10.1097/01.mlr.0000254515.63841.81
https://doi.org/10.1097/01.mlr.0000254515.63841.81
https://doi.org/10.1186/1471-2407-13-165
https://doi.org/10.1200/JCO.1998.16.1.139
https://doi.org/10.1200/JCO.1998.16.1.139
https://doi.org/10.1016/S1470-2045(19)30801-0
https://doi.org/10.1016/S1470-2045(19)30801-0
https://doi.org/10.1200/JCO.19.01348
https://doi.org/10.1200/JCO.19.01348
https://doi.org/10.1016/S1470-2045(17)30690-3
https://doi.org/10.1016/S1470-2045(17)30690-3
https://doi.org/10.1016/j.ejca.2017.08.032
https://doi.org/10.1016/j.ejca.2017.08.032
https://doi.org/10.1016/S1470-2045(21)00064-4
https://doi.org/10.1093/annonc/mdx261.305
https://doi.org/10.1093/annonc/mdx261.305
https://doi.org/10.1200/JCO.2020.38.15_suppl.e18032
https://doi.org/10.1200/JCO.2020.38.15_suppl.e18032

	Health-related quality of life in patients treated with pembrolizumab for microsatellite instability–high/mismatch repair–d ...
	1. Introduction
	2. Methods
	2.1. Study design and patient eligibility
	2.2. Study treatment
	2.3. Assessments
	2.4. Endpoints and statistical analyses

	3. Results
	3.1. Patients
	3.2. PRO instrument completion and compliance
	3.3. QLQ-C30
	3.4. EQ-5D-3L

	4. Discussion
	Funding
	Role of the funding source
	Data sharing
	Author contributions
	Conflict of Interest Statement
	Conflict of Interest Statement
	Acknowledgements
	Appendix A. Supplementary data
	References


