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As part of several large-scale efforts [1], the U.S. Food and
Drug Administration (FDA) approval of Keytruda (pembroli-
zumab; Merck, Kenilworth, NJ) for solid tumors demonstrat-
ing certain biomarker signatures represents a milestone in
immuno-oncology. The broad approval was partly due to the
high overall objective response rate [2]. Numerous testing
strategies for mismatch repair deficiency (dMMR) and pro-
grammed cell death ligand 1 (PD-L1) expression are available
(Fig. 1A); however, these require technical- and context-
specific analysis, which most practicing oncologists do not
have. Thus, pembrolizumab therapy poses the challenge of
how to effectively identify patients using locally available
testing methodologies.

Here, we attempt to answer 10 relevant questions about
pembrolizumab testing.

1. What is the response rate across solid tumors?
The overall response rate is�39.7%, defined via objective radi-
ographic responses [3].

2. What does dMMR mean?

dMMR stands for “mismatch repair deficiency” identified by
any method. Microsatellite instability (MSI) is determined using
polymerase chain reaction (PCR) and sizing analysis of mono-
or dinucleotide markers (e.g., BAT25, BAT26, D2S123, D5S346,
D17S250), whereas loss of mismatch repair (MMR) proteins
MLH1, MSH2, MSH6, and/or PMS2 is assessed using immuno-
histochemistry (IHC) on tumor tissues.

3. Does it matter whether I test using PCR or IHC?

Each method is acceptable and has�90% sensitivity if performed
alone; combining bothmethods increases the sensitivity [4].

4. What is the expected dMMR detection and response rate

for my tumor?

The response rate depends on the dMMR rate by tumor and
histotype (Fig. 1B). The estimates of median dMMR frequency
for the selected malignancies do not account for possible
population-specific variations in dMMR rates [5] or various can-
cer subtypes (e.g., shown for medullary pancreatic cancer).

5. Is it sufficient if my tumor was screened for Lynch syndrome?

Yes. Lynch syndrome screening often entails immunohisto-
chemistry for mismatch repair proteins followed by genotyping.

6. How can I decide between PD-L1 and dMMR testing?

The package insert specifies which tumor should be tested and
how; for example, the FDA approved PD-L1 testing for gastric
cancer and ALK-negative and EGFR-negative non-small cell lung
cancer.

7. What is the test cost, and will my patient’s insurance cover

testing?

Currently, the cost ranges between $150 and $550, and
coverage depends on the tumor, stage, test method (Current
Procedural Technology code), and insurance plan; many payers
require prior authorization.

8. What is the most effective strategy for Keytruda testing?

Although the overall effectiveness of testing is tumor- and
context-specific and can be estimated as a product of the
dMMR rate and response rate (Fig. 1B), the testing strategy
depends on local availability.

9. Which tests are available, and how can I get my patient’s

sample tested?

An outline to find out availability is provided in Table 1. Firstly,
we recommend contacting your local pathologist because most
pathology laboratories perform IHC, so PD-L1 testing and
MMR-deficiency assessment or Lynch syndrome screening
should be available. If your pathologist performs genotyping,
MSI testing is also generally available. A second option is con-
sulting regional academic medical centers. Thirdly, for many
practicing oncologists without test access in their local hospi-
tals, we provide a list of selected commercial testing laborato-
ries. Finally, another excellent Web resource with global
participation is the NIH’s genetic testing registry at https://
www.ncbi.nlm.nih.gov/gtr/.

10. Is mutational tumor burden a meaningful biomarker?

Many laboratories validate their strategy to identify tumors
with a high mutational tumor burden (MTB; so-called
“hypermutant” tumors)—typically relative to their tested popu-
lation (Fig. 1C). Several next-generation-sequencing-based
assays for determining MTB are currently actively reviewed by
the FDA. In this context, we also want to draw attention to a
concurrent article in this issue [6]. Briefly, Dizon et al. report a
complete response to pembrolizumab in a woman with a

Correspondence: Jochen K. Lennerz, M.D., Ph.D., Massachusetts General Hospital, 55 Fruit Street, Warren 501C, Boston, Massachusetts 02114,
USA. Telephone: 617-643-0619; e-mail: jlennerz@partners.org Received November 9, 2017; accepted for publication January 11, 2018; published
Online First on May 9, 2018. http://dx.doi.org/10.1634/theoncologist.2017-0591

The Oncologist 2018;23:647–649 www.TheOncologist.com Oc AlphaMed Press 2018

Commentary

https://www.ncbi.nlm.nih.gov/gtr/
https://www.ncbi.nlm.nih.gov/gtr/


Figure 1. Keytruda testing in clinical practice. (A): Simplified concept of pembrolizumab testing strategy. Microsatellite instability or other
causes may contribute to the overall mutational burden that is associated with increased levels of neoantigens. To prevent detection by
the immune system, the tumor must mount immunologic camouflage (e.g., PD-L1). Several assays at the DNA and protein level have
been employed as biomarkers for pembrolizumab response. (B): Percentage of dMMR and response rates in 15 selected malignancies.
When taking the objective response rate from the Keytruda trials into account, one can estimate the expected response as the fraction of
responders within the subset of patients with dMMR (see supplemental references for details). The relationship between dMMR rate and
response illustrate clinical expectations. (C): Example of a frequency distribution of number of variants per case in a next-generation
sequencing panel. “Hypermutant” was defined as number of variants per case >3 standard deviations above the mean. The blue arrow
represents the cutoff for high mutational tumor burden.
Abbreviations: dMMR, deficient mismatch repair deficiency (defined by either IHC, or PCR; see text); MMR, mismatch repair; MSI-H,

high microsatellite instability; PD-1, programmed cell death 1; PD-L1, programmed cell death ligand 1; STDev, standard deviation.

Table 1. Practical approach to determine testing availability

Steps Entity Laboratory Contact Questions/approach

1 Local pathologist Local pathology laboratory See pathology report from original cancer diagnosis
(listing laboratory contact information is required by
CLIA)

IHC for MMR? IHC for PD-L1? MSI testing?
MTB testing? If not performed in house,
where do you send it?

2 Consultation Variable (e.g. regional
academic medical center)

Depends on local, network, regional and/or
preference; consider patients insurance for out of
network consultations

IHC for MMR? IHC for PD-L1? MSI testing?
MTB testing? If not performed in house,
where do you send it?

3 Commercial
entitiesa

Quest Diagnostics http://www.questdiagnostics.com/testcenter/
testguide.action?dc5TS_LynchSyndromePanel;
http://www.questdiagnostics.com/testcenter/
TestDetail.action?ntc593279

Select regional lab, obtain ordering info,
collection instructions, reporting times,
billing?

Neogenomics https://neogenomics.com/immuno-oncology MSI/MMR/PD-L1/mutation burden, billing?

Mayo Medical Labs https://www.mayomedicallaboratories.com/test-
catalog/Clinical6and6Interpretive/35514

Overview, specimen, fees and coding,
specimen requirements, billing?

Caris Life Sciences https://www.carislifesciences.com/blog/
immunotherapy-msi-mmr/

Caris Molecular Intelligence, patient billing

Personal Genome
Diagnostics

http://www.personalgenome.com/wp-content/
uploads/2017/06/PGDx-MSI-Keytruda-Approval.pdf

CancerSELECT125 and non-invasive
PlasmaSELECT64; billing?

Various others. . .

4 Genetic test
registry

Web resource for laboratories
performing genetic testing

https://www.ncbi.nlm.nih.gov/gtr/: database by the
National Institutes of Health with global
participation

Use query function; check local availability

aFive selected commercial entities are provided to support practicing oncologists without test access in their local settings; the authors have no
financial relationships or conflicts of interest. The name of the company, a web link, and information related to material release form, consent and
cost coverage are provided for each commercial entity.
Abbreviations: CLIA, Clinical Laboratory Improvement Amendments; IHC, immunohistochemistry; MMR, mismatch repair proteins (PMS2, MLH1,
MSH2, MSH6); MSI, microsatellite instability; MTB, mutational tumor burden; PD-L1, programmed cell death ligand 1.
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mismatch repair deficient endometrial cancer carrying a germ-
line BRCA1 mutation [6]. The case illustrates two important
aspects: first, as shown in Figure 1A, several underlying genetic
defects can contribute to the overall mutational burden—and
the resulting increased levels of neoantigens require the tumor
cells to equip themselves with a PD-L1 camouflage, which we
can now target; second, the case argues for assessment of the
dMMR status (e.g., as part of Lynch syndrome screening strat-
egies) when clinically indicated.

In summary, the high overall response rates of pembrolizu-
mab received accelerated FDA approval. Accelerated adoption
in clinical practice therefore means implementation of effective
testing operations to appropriately screen and identify patients
in order to deliver the pembrolizumab promise.
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Editor’s Note:

See the related article, “Complete Remission Following Pembrolizumab in a Woman with Mismatch Repair-Deficient Endometrial
Cancer and a Germline BRCA1 Mutation,”by Don S. Dizon et al., on page 650 of this issue.
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