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• A 35-year-old woman presents 
with recurrent cervical 
squamous cell carcinoma 
following chemotherapy and 
radiation.

• Your colleagues in the 
Gynecologic Oncology group 
would like to be able to offer 
pembrolizumab in this patient. 

• Here’s her PD-L1 stain.

• Does she qualify for therapy? 

PD-L1



The Two Arms of the Immune System

Nature Reviews Cancer, 2004; 4, 11-22.

Innate Immunity Adaptive Immunity



Immunotherapy 101
• Immune checkpoints such as PD-1 put 

the brakes on the adaptive immune 
response to prevent perpetual activation 
following infection etc. 

• The PD-1/PD-L1 interaction promotes 
immune tolerance.

• Checkpoint ligands such as PD-L1 can 
be co-opted by tumor cells as a “cloaking 
device” to evade immune attack.

• Blocking these inhibitory checkpoints (or 
their ligands) “takes off the cloak” and 
allows cytotoxic T cells to recognize and 
attack tumor.

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor

https://www.cancer.gov/publications/dictionaries/cancer-terms/def/immune-checkpoint-inhibitor


Programed cell death ligand-1 (PD-L1): 
A Cancer Cloaking Device

Cytotoxic T cells Tumor cell

PD-L1 cloaking device



TPS=Tumor Proportion Score
TPS=Percentage of viable tumor showing partial or 
complete membranous staining of any intensity.  
• Negative=TPS<1%
• Positive=TPS≥1% 
• Need to provide “exact” percentage in addition to 

positive/negative as treatment threshold varies 
(most common cut-offs are 1% and 50%).





What about vulva?

If you are asked to perform PD-L1 IHC on a 
vulvar squamous cancer, report it as you 
would a cervical case.

• No existing FDA 
approval for any 
immunotherapeutic 
agent in vulvar 
squamous cell 
carcinoma.

• Case reports suggest 
that pembrolizumab 
can be safe and 
effective in these 
tumors, but large 
studies are lacking.



CPS=Combined Positive Score

• Negative=CPS<1 
• Positive=CPS≥1 

#PD-L1 staining cells (tumor cells, lymphocytes, and macrophages)
# viable tumor cells X100

Pet Peeves:
• CPS is NOT a %.  The numerator and the denominator refer to different collections of cells!
• It’s “CPS” not “CPS Score.”  The latter is redundant.



How to Assess the CPS:
• Any CPS from 1-100 is positive.  

• 100 is the maximum allowable score.

• CPS is averaged across the entire tumor.
• Don’t just count the hot spots!

• CPS should be assessed at 20x to ensure that even focal 
positivity is captured.

• Tumor cell staining must be membranous.

• Immune cell staining may be membranous or cytoplasmic.

• PD-L1+ lymphocytes and macrophages must be associated 
with response to the tumor.  

• Location can be either intratumoral or peritumoral.
• Lymphoid aggregates count, provided they are within or immediately 

adjacent to the tumor.

Membranous/
cytoplasmic 
peritumoral
lymphocyte 
staining

Membranous 
tumor cell 
staining



What doesn’t count:
• Cells in stroma distant from tumor do not count.

• In nodal metastases, immune cells in normal nodal tissue adjacent to 
the metastatic deposit do not count.

• Immune cells associated with dyplasia and normal structures do not 
count.

• Plasma cells often show weak positive staining, but do not count.



What if staining is focal or heterogeneous?



Focal staining
Calculate the CPS for the focus of positivity, then multiply by the 
proportion of positive tumor. 

• Example 1: 10% of the tumor has a CPS=80, 
• 80 x 0.10=8, overall CPS=8 (≥1, positive)

• Example 2: 10% of the tumor has a CPS=5
• 5 x 0.10=0.5, overall CPS=0.5 (<1,negative) 



Focal staining:

http://www.captodayonline.com/scoring-gastric-gej-cancers-pd-l1-expression/

http://www.captodayonline.com/scoring-gastric-gej-cancers-pd-l1-expression/


Heterogeneous staining: 
Use the “divide and conquer” technique: Divide the tumor into four 
equal quadrants, calculate the CPS by sector, and divide by 4.  

http://www.captodayonline.com/scoring-gastric-gej-cancers-pd-l1-expression/

http://www.captodayonline.com/scoring-gastric-gej-cancers-pd-l1-expression/


Example 1:

• Easy!  Positive, CPS=100.
• With 100% of tumor cells staining, we can easily get to the maximum CPS of 100 without even 

bothering to count inflammatory cells.  
• The entire tumor looked like this, so there was no need to average cross fields.     



Example 2: 

• Easy!  Negative (CPS<1).
• What if another field of this case, representing 5% of the total tumor, had 10 PD-L1-positive 

macrophages?  10 x 0.05=0.5, CPS is still negative (<1).  
• What if that field had 25 PD-L1-positive lymphocytes?  25 x 0.05=1.25, CPS is now positive (≥1).



Example 3: MIC

100 TCs

30 +MICs

CPS=30

100 TCs

5 +MICs

CPS=5

100 TCs

0 +MICs

CPS=0

100 TCs

10 +MICs

CPS=10

• The tumor cells are entirely negative, but scattered tumor-associated mononuclear inflammatory cells 
(MICs) are positive.  Patchy staining like this was seen throughout the tumor.  

• Averaging across four relatively representative fields, we get a CPS=11 (0+5+10+30=45, 45/4=11)



• Returning to our original 
patient…

• Does she qualify for 
pembrolizumab therapy, 
assuming that the pictured 
field is fairly representative 
of her entire tumor section? 

PD-L1

YES!



How do I report?

PD-L1 CPS Quick text:
PD-L1 protein expression is quantified in cervical squamous cell
carcinoma by using the Combined Positive Score (CPS), which is
the number of PD-L1 staining cells (tumor cells, lymphocytes,
macrophages) divided by the total number of viable tumor cells,
multiplied by 100. The specimen should be considered to have PD-
L1 expression if CPS ≥ 1.

The CPS in this case is {negative (<1); positive (≥1)}.



TRUE CONFESSION #1: I do not give an exact CPS in my clinical reports.  
• No one complains.  
• All they care about is positive (≥1) or negative (<1).

• That said, if the staining is impressive I will often add something descriptive such as:
“The CPS in this case is positive (≥1), with 80% of tumor cells and abundant 
associated inflammatory cells demonstrating expression” or “with a score >50” etc.

• Similarly, if it’s barely positive I may say: 
“The CPS in this case is positive (≥1), with occasional tumor-associated lymphocytes 
demonstrating PD-L1 positivity.” 

How do I report?  True Confessions



TRUE CONFESSION #2: We do not use the FDA-Approved Dako 22C3 antibody.

We validated the SP263 against the 223C and have excellent concordance.
• Our clinicians are fine with this.
• Patients have had no issues with drug access or insurance coverage.

We place this disclaimer in our reports:

How do I report?  True Confessions

Immunohistochemistry is performed for PD-L1 
using the SP263 antibody on the Ventana
BenchMark ULTRA.  This assay has been 
internally validated against 223C antibody 
(Dako Link) at a cut-off of 50% staining (97% 
concordance).



Critical Caveats!
• Even in the setting of PD-L1 

positivity, pembrolizumab response 
rates are LOW.

• <3% of patients show complete 
response

• <12% show partial response

• The CPS was designed to maximize 
sensitivity for responders, but may 
have been at cost of specificity.

• Are higher PD-L1 expression levels 
associated with better response 
rates?

• Unclear.

• Could variables other than PD-L1 
impact response?

• YES.



• The PD-1/PD-L1 axis is one of many immunoinhibitory
checkpoints that tumors can enlist to evade the host 
immune system.

• CTLA-4 is the original checkpoint inhibitor target!

• Other immunosuppressive targets with drugs in 
clinical trials:

• LAG-3, TIM-3, VISTA…

• Drugs are also being developed to target immuno-
ACTIVATING checkpoints, such as OX40

• Tumors may also produce immunosuppressive 
enzymes, like IDO, which can be targeted.

• But there’s an even better way to 
hide…



Clonal loss of MHC Class I

Diffuse loss of MHC Class I

Intact MHC Class I
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