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Abstract-- Immune checkpoint inhibitors such as nivolumab and 

pembrolizumab are approved by Food and Drug Administration for 

patients diagnosed with metastatic solid tumors with high 

microsatellite instability (H MSI) or mismatch repair deficient 

(dMMR). The prognosis of these patients is generally poor, that is 

why it is very essential to identify the targeted patients who can 

benefit from immunotherapy. Pembrolizumab is approved in our 

institution for this indication. In order to ensure proper utilization of 

available resources, we decided to make a pilot retrospective review 

to evaluate pembrolizumab utilization, to identify the problems we 

are facing then to set an action plan through multidisciplinary 

approach. Based on the results we set recommendations. This paper is 

innovative and the first in kind. It could be used as guidance for other 

centers using immunotherapy and could be applied for other drugs as 

well to ensure best practice, patient safety and maximize utilization 

of resources. 
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1. BACKGROUND 

he prognosis of patients diagnosed with metastatic solid 

tumors with high microsatellite instability (H MSI) or 

mismatch repair deficient (dMMR) is generally poor.  Recent 

evidence has mounted on the benefits of immunotherapy, 

especially with checkpoint inhibitors as pembrolizumab and 

nivolumab [1-3].  

Pembrolizumab is a humanized monoclonal antibody 

approved by the Food and Drug   Administration   (FDA)   for  

 
1 Prince Sultan Military Medical City, Department of Pharmaceutical 

Services, Riyadh, Saudi Arabia. 
2 Prince Sultan Military Medical City, Central Laboratory Department, 

Riyadh, Saudi Arabia. 
3 Prince Sultan Military Medical City, Adult Oncology Department, 

Riyadh, Saudi Arabia. 
4 Medical Services Department, Armed Forces, Riyadh, Saudi Arabia. 

*Corresponding author: Nagwa Ibrahim, Pharm D, PhD. 
Email address: nag_ibrahim@hotmail.com 

Received: 25 December 2020 

Accepted: 29 January 2021 
Published: 12 February 2021 

 

 

treatment of patients with unresectable or metastatic H MSI or 

dMMR solid tumors that have progressed after prior treatment 

and who have no satisfactory alternative treatment options, as 

well as for patients with H MSI or dMMR colorectal cancer 

following progression on a fluoropyrimidine, oxaliplatin and 

irinotecan [1-4].  

In June 2020 FDA approved pembrolizumab as 

monotherapy for the first-line treatment of patients with 

unresectable or metastatic H MSI or dMMR colorectal 

cancer [1].   

Pembrolizumab has been approved at our institution, which 

is a tertiary care hospital, for management of patients with 

solid tumors with H MSI/dMMR.  

2. OBJECTIVES 

- To evaluate the utilization of pembrolizumab in patients 

diagnosed with solid tumors with H MSI/dMMR. 

- To identify the problems, we are facing.  

- To set an action plan and identify the responsibilities of each 

department. 

3. MATERIALS AND METHODS 

A retrospective review was done from May 2019 to 

February 2020. We retrieved the data from the hospital 

electronic system and patients' files through the pharmacy 

information technology section. Data requested for patients 

received pembrolizumb for management of solid tumors.  

4. RESULTS 

We collected the data for 17 patients, divided as follows: 9 

patients diagnosed with colorectal cancer, 3 patients' 

endometrial cancer and 5 patients diagnosed with 

cholangiocarcinoma, gastric cancer, high grade urothelial 

cancer, pancreatic cancer and gallbladder cancer.  The 

eligibility of patients to have pembrolizumab was reviewed 

based on the institutional approved indications and status of H 

MSI/dMMR. Table 1 represents Pembrolizumab utilization 
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versus cancer type.   Table 2 represents H MSI status 

reporting examples. 

 

Table 1. Pembrolizumab utilization versus cancer type 

   

Type of cancer  # of patients 

Colorectal  9 

Endometrial  3 

Cholangiocarcinoma  1 

Gastric  1 

Urothelial cancer  1 

Pancreatic  1 

Gallbladder  1 

 

 

Table 2. H MSI status reporting examples 

 

H MSI status reporting examples  

MLH1, MSH2, MSH6 positive, PSM2 not available 

Negative PMS2, MLH1, positive MSH2, MSH7  

PSM2, MLH1, MSH6, MSH2 positive  

PSM2, MLH1 positive intact, MSH6, MSH2 loss of 

intact  

PSM2 -week, MLH1 loss intact, MSH6, MSH2 intact 

low probability of instability 

MLH1 inconclusive, PSM2, MSH2, MSH6 POSITIVE 

5. ACTION TAKEN 

- We identified the related departments including pharmacy 

department, adult oncology department, central laboratory and 

blood bank (histopathology division) and pharmaceutical 

purchasing department. 

- We developed a committee involving the related 

departments to discuss the results, identify the problems and 

set solutions. The committee consists of head of pharmacy 

department, adult oncology clinical pharmacist, head of 

oncology department, adult medical oncology consultants 

authorized to prescribe pembrolizumab, consultant 

histopathologist, and head of pharmaceutical purchasing 

department.  

- We called for a meeting. The data collected from the 

retrospective review was presented by the adult oncology 

clinical pharmacist. 

- We identified the problems. 

6. PROBLEMS IDENTIFIED 

- Variation in the way of reporting H MSI/dMMR status. 

- Variation in H MSI status reports interpretation. 

- Unavailability of some reagents needed for H MSI test. 

- Miscommunication among related departments. 

7. ACTION PLAN 

After identifying the problems, we are facing that might 

impact utilization of pembrolizumab against the institutional 

approval we agreed for an action plan with assigned 

responsibilities for each related department. 

7.1 Pharmacy Department 

- To develop a protocol for pembrolizumab usage in patients 

diagnosed with solid tumors with H MSI/dMMR in 

collaboration with adult oncology department and 

histopathology division.  

- To submit the finalized protocol once reviewed and agreed 

by all related departments to the institutional continuous 

quality improvement (CQI) department for approval.  

- To start implementation of the protocol once approved 

- To initiate improvement/strategic project to measure and 

assess the implementation of the protocol.    

- To update pharmacy staff, nurses and oncologists about the 

approved protocol. 

7.2 Pathology Department 

- To unify the way of reporting H MSI/dMMR status. 

- To conclude clearly in the report the MSI/dMMR status if H 

MSI, low or not determined with justification.  

- To create a template for H MSI/dMMR status reporting.  

- To report and follow up with the purchasing department in 

case of unavailability of any reagents needed for H MSI 

testing.   

- In case of some reagents unavailability, test will not be done 

as results will be indefinite.   

- To actively participate in the development of 

pembrolizumab protocol in patients with H MSI/dMMR. 

7.3 Oncology Department 

- To actively participate in the development of 

pembrolizumab protocol in patients with H MSI/dMMR. 

- To ensure eligibility of patients to pembrolizumab prior to 

prescribing.  

- To ensure implementation of the approved protocol. 

7.4 Purchasing Department 

- To ensure availability of reagents needed for testing H MSI 

status. 

- To identify the reasons of unavailability of reagents if 

present and set solutions to overcome. 

8. DISCUSSION 

The prognosis of patients diagnosed with metastatic solid 

tumors with H MSI/dMMR is generally poor.  Recent 

evidence proved the benefits of immunotherapy, mainly with 

checkpoint inhibitors as pembrolizumab and nivolumab. The 

hypothesis behind the effectiveness of immunotherapy is that 

H MSI cancer is associated with a high mutational burden 

(hypermutated phenotype) regardless of tumor histology. The 

high mutational burden leads to high neoantigen expression 

that leads to autologous immune recognition of cancer cells. 

Blocking PD-1 on tumor neoantigen-specific T cells with 

immunotherapy can activate anti-tumor immune response and 

restore effective anti-tumor immunity in H MSI cancer, 

regardless of cancer type [2-5].  

Microsatellites are repeated DNA sequences distributed 

throughout the genome that are particularly prone to 

duplication/deletion errors during DNA replication. The 

stability of microsatellites is dependent upon functional MMR 

proteins. The common MMR testing modalities are: 1) an 

immunohistochemical assay for the presence / absence of 
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MMR proteins, 2) a PCR based assay for microsatellite length 

polymorphisms. A normal IHC results is defined by the intact 

nuclear expression of MMR proteins. The commonly tested 

proteins are: MLH1, MSH2, MSH6, and PMS2. A typical 

PCR panel examines five microsatellite markers, alterations in 

40 percent (two or more) of these markers are resulted as MSI-

H, whereas alterations in less than 40 percent (a single marker) 

are resulted as MSI-L, and those without any alteration are 

resulted as MSS as changes in microsatellite length are a 

molecular manifestation of MMR protein dysfunction. As per 

the NCCN, either IHC or PCR is an acceptable screening 

method for MMR status [6-8].  

It is important to consider carefully limitations and the 

technical aspects while deciding the screening assay with 

either IHC, PCR, or both. IHC is an attractive screening assay 

because of the following advantages: 1) it is relatively 

inexpensive, 2) simple to perform in most pathology 

laboratories, 3) can be performed on small biopsies composed 

entirely of tumor tissue, 4) the IHC staining pattern may 

suggest which gene (MLH1, MSH2, MSH6, or PMS2) is 

affected, allowing for efficient triaging of further analysis. On 

the other hand, the disadvantages of IHC assay include: 1) 

possible variation in staining intensity, 2) lack convincing 

positive internal controls, 3) interpretation requires an 

experienced pathologist, 4) not all pathogenic MMR mutations 

result in loss of immunoreactivity, 5) using solely IHC 

screening strategy will miss a significant proportion of H MSI 

tumors [9-10].  

PCR-based H MSI assays can identify tumors with 

defective MMR regardless of MMR protein status. While the 

majority of germline MMR mutations occur within the 

proteins MLH1, MSH2, MSH6, and PMS2, the MMR 

machinery relies on myriad other genes and gene products 

such as MSH3, PMS1, or EPCAM, which can also cause 

MMR deficiency when mutated. Such mutations would be 

successfully identified by PCR, but not IHC. PCR assays 

advantages are: 1) comparatively simple to evaluate, 2) less 

susceptible to interpretation errors. However, disadvantages of 

PCR include: 1) the assay should be performed in a 

specialized laboratory, 2) the turnaround time is typically 

longer than that of IHC, 3) PCR requires both normal and 

tumor tissue for comparison, which may not be present in all 

small tissue biopsies, thus necessitating surgical resection for 

complete assessment, 4) unlike IHC, PCR results provide no 

clues as to which gene may contain the underlying mutation, 

thus offering no cost savings in triaging further analysis, 5) 

mutation of MSH6, which, due to functional redundancy in the 

MMR system, may or may not cause H MSI that is detectable 

by PCR. A screening strategy that uses only PCR would 

identify such a tumor as MSS, a false normal result.  

Thus, neither IHC nor PCR is equipped to identify 100 

percent of tumors with defective MMR, this problem may be 

solved by next-generation sequencing, which can 

simultaneously detect H MSI and screen for mutations in 

MMR genes. Currently, NGS is very expensive assay cost 

prohibitive as a screening strategy, but as costs continue to 

fall, NGS may replace IHC and PCR as the favored test, as a 

recent study showed NGS assays to have sensitivity and 

specificity approaching 100 percent [11-16]. 

Indeed, the prevalence of H MSI/dMMR is low. A review 

published about the epidemiology of H MSI and dMMR 

across solid tumors except colorectal cancer. Overall H MSI 

estimated at 14% (10% - 19%). H MSI prevalence among 

stage 1-2 cancers was estimated at 15% (8% - 23%); stage 3 

and 4 prevalence were estimated at 9% (3% - 17%) and 3% 

(1%-7%) respectively. Overall dMMR prevalence was 

estimated at 16% (11%-22%). Endometrial cancer had the 

highest pooled H MSI and dMMR prevalence (26% and 25% 

all stages, respectively). Another review across solid tumors in 

Chinese population published and the prevalence of H 

MSI/dMMR in colorectal cancer (CRC) was estimated at 

14.1% (12.3-17.1%) and 9.7% (7.2-12.5%) for advanced 

stage. The prevalence estimation for gastric cancer, 

endometrial cancer and ovarian cancer were 18.5%, 26% and 

12.9% respectively. Further, the prevalence in advanced stage 

cancer, regardless of the cancer type, tended to be numerically 

lower than the all-stage combined prevalence.  These studies 

assessed prevalence of H MSI by PCR based method 

investigating 5 markers from NCI or Promega panel, and/or 

dMMR by immunohistochemistry (IHC) for all 4 MMR 

proteins [17-18].  

Based on the published low prevalence of H MSI / dMMR, 

it is essential to identify the potential targets of patients who 

may benefit from immunotherapy as H MSI status is 

predictive of a positive response. 

Our institution is a tertiary care hospital accredited by Joint 

Commission International (JCI) and Saudi Central Board for 

Accreditation of Healthcare Institutions (CBAHI). To ensure 

healthcare quality and patient safety we monitor drugs and 

evaluate its utilization.  

This paper is novel and the first in kind to set an action plan 

for immunotherapy utilization evaluation in solid tumors with 

H MSI/dMMR. We aimed to evaluate the clinical practice as 

multidisciplinary approach to identify the problems we are 

facing and to set solutions for it.  

Upon evaluation, we found that there is discrepancy in the 

way of reporting the results. This led to contradiction in report 

interpretation. Accordingly, we set recommendations and 

assigned responsibilities to each related department to ensure 

proper utilization of resources. These recommendations could 

be considered by other oncology centers as guidance to 

optimize utilization of immunotherapy in patients with H 

MSI/dMMR solid tumors. In addition, it could be extrapolated 

for other drugs that need monitoring. 

9. RECOMMENDATIONS 

The following are summarized key point to be considered 

by each oncology center approved immunotherapy for H 

MSI/dMMR solid tumors before initiation of prescribing:  

- Formation of a multidisciplinary team from all related 

departments including adult oncology, pharmaceutical 

services, histopathology division and purchasing department. 

It is preferred to have this team under the umbrella of 

Pharmacy and Therapeutic Committee (P&T) / Oncology Sub-

Committee. The role of this team is to discuss on regular basis 

with planned agenda all issues related to newly approved 

medications, either formulary or non-formulary, then to 

develop institutional guidelines and protocols before initiation 

of prescribing.  

http://www.gjmt.net/
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- Identify the tests required for each drug (if applicable) to 

ensure patient eligibility for medication based on the national / 

international standards.  To find out if the test will be done 

locally or abroad. If the recommended test will be done 

locally, organize the related details with the pathology 

department and arrange with purchasing department to ensure 

continuous availability of equipment’s, reagents, kits, etc. If 

the test will be done abroad, set a clear policy for all the 

required procedures.     

- Standardize the histopathology reports by developing a 

template that include all the essential information. Results 

must be concluded clearly e.g., in H MSI/dMMR to be 

reported as high, low, stable, not determined with justification.  

- Ensure the availability of the 4 proteins requested to test H 

MSI status by IHC. Do not conduct the test if any of the 

proteins are not available. This will avoid any indefinite 

results that will lead to wastage of resources while oncologist 

will not be able to decide the eligibility of patient to 

immunotherapy.   

- Develop protocol and guideline for each drug in each 

indication approved by P&T.  

-  Approve the developed protocols and guidelines from the 

continuous quality improvement department (CQI).  

- Update healthcare professionals in each related department 

including physicians, pharmacists, histopathologists and 

nurses about the approved protocols and guidelines. 

10. CONCLUSION  

Appropriate utilization of immunotherapy in patients with H 

MSI/ dMMR solid tumors through multidisciplinary team 

approach and periodic evaluation is very essential to ensure 

best practice, healthcare quality, patient safety and efficient 

utilization of resources. Our recommendations could be used 

as a guidance for other oncology centers and could be applied 

for other medications that need monitoring. 
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