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PROBLEMAS
• Una prueba diferente para cada fármaco no es práctico

–Cantidad limitada de tejido, tiempo, coste

• Sólo una prueba para todos los fármacos no es práctico

–Diferentes plataformas, características , guías…

–Cada fármaco tiene diferente respuesta basado en química, biología y 
diferencias en los anticuerpos monoclonales

• Peligroso para los pacientes si:

–Ausencia de una validación clínica y analítica

• Nuevas pruebas más “objetivas” con posibilidad de 
monitorización (Biopsia líquida)



• El infiltrado CD3, CD8 está asociado con mejor pronóstico

• El infiltrado Treg, FOXP3 está asociado con peor pronóstico

–No existen criterios claros para la cuantificación de los TILs

– Estromales? Intraepiteliales? Estructuras linfoides terciarias?

• ¿Citología?

• Tras el tratamiento los niveles de linfocitos CD8+ PD1+ en sangre son 
indicadores asimismo de respuesta
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• Mutaciones no sinónimas por megabase (codificante)

–Baja: 1-5 mutaciones / mb (50%)

– Intermedia: 6-19 mutaciones / mb (40%)

–Alta: >20 mutaciones / mb (10%)
Baja Media Alta



• Se usó terapia combinada antiPD-1/PD-L1 y anti 
CTLA4 en 17 pacientes (melanoma) con buena
respuesta
– En estos pacientes el TMB no era diferente en los 

respondedores y no respondedores

– No estratifica pacientes

• De forma no sorpresiva, TMB no es un predictor 
perfecto de respuesta a fármacos anti PD-1/PD-L1

– Un 4,3% (2/46) con baja TMB respondieron

– Un 54,5% (12/22) con alta TMB no tuvieron respuesta
objetiva







DESAMINACIÓN DE CITOSINAS

• En las muestras fijadas en formol la desaminación de citosinas da 

lugar a falsos apareamientos

• En las reacciones de secuenciación puede aparecer como C>T ó

G>A
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IMPACTO CLÍNICO

• 31 pacientes (21 varones), con media de edad de 65 años (49-78), con ECOG 0 (19 
pacientes), ECOG 1 (11) y ECOG 2 (1)

• Adenocarcinoma (16) y carcinoma epidermoide (15)

• Estadio IV (27), IIIB (2) y IIIA (2). 

• Presentaban metástasis pulmonares (17), óseas (11), ganglionares (8), pleurales (6), 
suprarrenales (5), hepáticas (3), mediastínicas (3), pericardio (1) y cerebro (1)

• Nivolumab a 3 mg/kg IV cada 14 días, mediana de ciclos administrados de 6 (1-49)

– 2ª línea en 18 pacientes (12 histología epidermoide y 6 adenocarcinoma)

– 3ª línea en 7 (2 epidermoide y 5 adenocarcinoma)

– 4ª línea en 4 (3 adenocarcinoma y 1 epidermoide)

– 5ª línea en 2 (adenocarcinoma)



Oncomine Tumor Mutation Load Assay

Key highlights

•  Targeted NGS assay (1.7 Mb) for rapid and consistent 

results in any laboratory

•  Low input requirement (as little as 20 ng of DNA) to 

conserve precious FFPE samples

•  Sample-to-answer solution with Ion Reporter™ 

Software for simple assessment of tumor mutation 

load in <3 days 

Immune checkpoint inhibitors have changed the treatment 

paradigm for a variety of cancers, but not all patients will 

respond to immunotherapies. Clinical biomarkers have 

been shown to be as important as the therapies they 

guide in our quest to help match patients with appropriate 

treatments. Given the complexity of the immune response 

and tumor biology, research is needed for additional 

biomarkers to evaluate their potential associations with 

responses to immuno-oncology (I-O) therapies.

Our new Ion Torrent™ Oncomine™ Tumor Mutation Load 

Assay is a robust targeted NGS assay that provides 

clinical researchers with accurate quantitation of somatic 

mutations to assess tumor mutation load, from limited 

formalin-fixed, paraffin-embedded (FFPE) samples. 

Our streamlined, built-in analysis solution allows you to 

confidently quantify somatic mutations and assess tumor 

mutation load from limited sample amounts, typically in less 

than 3 days (Figure 1). 

 Prepare Sequence Analyze

Automated library prep, template prep, and chip loading for 

Oncomine Tumor Mutation Load Assay, using Ion Chef System
Ion GeneStudio S5 series

Torrent Suite Software 

Ion Reporter Software

Figure 1. A streamlined 2- to 3-day workflow enables quantification of somatic mutations for assessment of tumor mutation load from 

FFPE tumor samples.

An NGS assay for an emerging immuno-oncology biomarker
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• Los casos de neoplasias localizadas tienen una supervivencia a 5 años del 
50% en estadío IA al 20% de los IIIA

• La quimioterapia adyuvante mejora las cifras en un 5,4% aportando platino 
con toxicidad grado 3 en más del 60% de los pacientes

• El tratamiento neoadyuvante con inmunoterapia nos da la oportunidad 
además de estudiar los efectos sobre las células tumorales

• Dos dosis de Nivolumab previo a la cirugía

• Respuesta patológica mayor: No más de 10% de células tumorales viables

• Respuesta mayor en 9/20 (45%)

• Aparentemente los tumores crecían en el TAC (infiltración inflamatoria)
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Sin correlación entre TMB y PD-L1
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Mejor respuesta
Infiltrado CD8 y CD28 que es
el que se expande

Inducir respuesta
de TILs

Poco respondedores
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MECANISMOS DE RESISTENCIA 
A INMUNOTERAPIA

• Intrínsecos de las células tumorales
– Pérdida de expresión de neoantígenos

– Alteración en los mecanismos de presentación de antígeno (pérdida de HLA)

– Expresión constitutiva de PD-L1

– Mutaciones en la ruta IFNg (JAK1/2)

•Extrínsecos a las células tumorales
– Células T agotadas que expresan checkpoint alternativos LAG3, TIM3 

– Infiltración tumoral por células Treg, macrófagos M2 o células supresoras derivadas de línea 

mieloide

– Sobreexpresión de enzimas inmunosupresores (IDO, IL10, TGFb)

3
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Abstract

For many years, the gold standard cancer grading and staging had focused on the characteristics of the cancer cells and often

disregarded the non-tumoral cell compartments. The expansion of research on the tumor immune microenvironment, the suc-

cesses and dissemination of immunotherapies to treat cancer, and the open access to large -omic databases have allowed the

development of novel powerful immune-based prognostic and theranostic biomarkers. Although they often correlate with

histopathologic characteristics and TNM staging, in many instances, they are independently associated with, and potentially

superior predictorsof, thepatient’sprognosisand responseto immunotherapies. Aspathologistsin theeraof precision medicine,

we are uniquely positioned to participate in the integration of these histologic and molecular features of the tumor microenvi-

ronment to provide the best prognostic information to clinicians and patients. In this review, we summarize some of the most

important immune-relatedprognostic biomarkersinsolid cancer, how they integratewith traditional histopathologic (i.e., staging

and grading) and novel molecular stratification systems, and their potential roleaspredictors to responseto agentsblocking the

PD-1/PD-L1 axis.

Keywords Tumor immunemicroenvironment . Biomarkers . Molecular subgroups . Immunecheckpoints

Introduction

Improving tumor subclassification systems(grading and stag-

ing) to predict the patient’s clinical outcome and guide thera-

pies has been one of the major endeavors of modern

oncopathology. To date, the most widely used tumor staging

system is theoneproposed by theAmerican Joint Committee

on Cancer/Union Internationale Contre le Cancer

(AJCC/UICC), which takes into consideration the size and

local invasion of the tumor (T), the number of metastatic re-

gional lymphnodes(N), and thepresenceof distant metastasis

(M). The TNM has been validated in the vast majority of

cancer typesand hasproven useful to predict patients’ clinical

outcome [1–4]. Also, several histopathologic characteristics

of the tumor give clues regarding the malignant potential of

cancer cells. For example, the presence of necrosis [5], an

increased number of mitoses, higher nuclear grade or pleo-

morphism (variation in shape and size), the presence of

lymphovascular invasion [6], and a sarcomatoid/rhabdoid ar-

chitecture [7] point towards an aggressive tumor cell pheno-

typeand correlatewith poor clinical outcome.

For many years, these staging and grading systems had

focused on the characteristics of the cancer cells and did not

integrate other cell compartments present within the tumor

microenvironment. However, in the last two decades, cumu-

lative evidence has demonstrated that the non-cancer cell

components of the tumor largely influence its growth rate

and metastatic potential [8, 9]. Hence, the pathology field is

currently experiencing a transition wherenew prognostic and

theranostic biomarkers need to be integrated with more tradi-

tional staging and grading systems.

The two main non-cancer cell cellular components that

shape the tumor’s natural history are the infiltrating immune

cells [8, 10] and the tumor-associated stromal cells [11]. In
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Localización Respuesta PD-L1+ Respuesta PD-L1-

Pulmón 30% 19%

Urotelial 27,5% 11%

Renal 24% 16%

Melanoma 53% 34%
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ABSTRACT

Mutations in DNA repair genes lead to increased genomic instability and mutation 

frequency. These mutations represent potential biomarkers for cancer immunotherapy 

efficacy, as high tumor mutational burden has been associated with increased neo-

ant igens and tum or infilt rat ing lym phocytes. W hile m ism atch repair  m utat ions have 

successfully predicted response to anti-PD-1 therapy in colorectal and other cancers, 

they have not yet been tested for lung cancer, and few have investigated genes 

from other DNA repair pathways. We utilized TCGA samples to comprehensively 

immunophenotype lung tumors and analyze the links between DNA repair mutations, 

neo-antigen and total mutational burden, and tumor immune infiltration. Overall, 73%  

of lung tumors contained infiltration by at least one T cell subset, with high mutational 

burden tumors containing significantly increased infiltration by activated CD4 and 

CD8 T cells. Further, mutations in mismatch repair genes, homologous recombination 

genes, or POLE accurately predicted increased tumor mutational burden, neo-antigen 

load, and T cell infiltration. Finally, neo-antigen load correlated with expression of 

M1-polarized macrophage genes, PD-1, PD-L1, I FNγ, GZMB, and FASLG, among other 

im m une- related genes. Overall, after  defining the im m une infilt rate in lung tum ors, 

we demonstrate the potential value of utilizing gene mutations from multiple DNA 

repair pathw ays as biom arkers for lung cancer im m unotherapy.

INTRODUCTION

Recent studies have uncovered that tumor types 

with high somatic mutation frequencies, such as non-small 

cell lung cancer (NSCLCs), melanoma, and colorectal 

cancer (CRC) [1], display the strongest responses to 

immune checkpoint inhibitors [2–7]. This link between 

mutational burden and immunotherapy efficacy is due to 

the generation of immunogenic, tumor-specific mutated 

peptides, termed neo-antigens. Neo-antigens have been 

linked to response to anti-PD-1 therapy in NSCLC [8] 

and anti-CTLA-4 therapy in melanoma [9]. Further, in 

muscle invasive bladder cancer, high neo-antigen load 

correlated with greater recurrence-free survival and low 

T cell receptor-β diversity, indicating oligoclonal T cell 

expansion [10]. Across multiple cancer types, predicted 

neo-antigen burden, but not overall mutational load, 

correlated with patient survival and CD8A and PD-1 

expression [11], as well as immune cytolytic activity 

(GZMA and PRF1 expression) [12]. 

The clinical significance of neo-antigens is derived 

from their ability to drive a functional and specific anti-
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• Tendencia al mejor pronóstico en tumores

con alta TMB
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We next sought to determine the significance of 

mutational burden on the immunological response in 

lung adenocarcinoma. As hypothesized, tumors with 

high mutational count displayed increased infiltration 

by activated CD4 and CD8 T cells, effector memory 

CD4 T cells, and mDCs (Figure 2A). Importantly, 

tumors containing mutations in HR genes, MMR genes, 

or POLE contained significantly higher mutational 

load than DNA repair wildtype tumors, and similarly 

contained significantly increased infiltration by many 

of the T cell types and other immune cells desirable for 

anti-tumor activity. Further, HR-deficient tumors also 

contained decreased infiltration by B cells, a potentially 

immunosuppressive and tumor-promoting cell type [48] 

(Figure 3). Therefore, detecting mutations in the single 

POLE gene or the small HR or MMR gene lists can 

accurately be used as biomarkers for identifying patients 

whose tumors likely contain high mutational burden and, 

consequently, increased TILs. 

To clarify the clinical relevance of these findings, we 

refined overall mutational burden to specifically consider 

at predicted immunogenic neo-antigens. HR-, MMR-, and 

POLE-deficient tumors again contained increased neo-

antigens and T cell infiltration (Figure 4). Interestingly, 

increasing neo-antigen load strongly positively correlated 

with expression of many immune-related genes. Notably, 

neo-antigens increased with increasing expression of IFNγ 

and IL12RB2, indicating a Th1 skewed signature, as is 

desirable in an anti-tumor response. Neo-antigen load also 

correlated with increased expression of IL23A, IL21, and 

IL17RA, all of which are players in the Th17 T cell pathway, 

which is implicated in both tumorigenesis as well as the anti-

tumor immune response [46]. Also correlating were GZMB 

and FASLG, both necessary for anti-tumor CD8 T cell 

cytotoxic functionality [49], PD-1 and LAG3, representing 

T cell activation and exhaustion [50], and TAP2, necessary 

in MHC I antigen presentation [51]. Cytokines inversely 

correlating with neo-antigen burden included TSLP and 

Figure 5: Neo-antigen load correlates with multiple immune-related genes and cytokines, M1-polarized TAMs, PD-L1, 

PD-1, and favorable OS. (A) Pearson correlation coefficients between neo-antigen count and RNA-seq expression levels of multiple 

chemokines, immunomodulatory genes, and cytokines (only significantly correlating genes reported). (B) Expression of M1 TAM- and M2 

TAM-defining genes in high and low neo-antigen burden tumors (all genes with P < 0.2 displayed). (C) PD-L1 and (D) PD-1 expression in 

high (top quartile) and low neo-antigen load tumors. Results are presented as mean ± SEM. (E) OS of neo-antigen load high (top quartile) 

and low tumors. * P < 0.05, ** P < 0.01, *** P < 0.001.
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• En 2017 se aprueba el uso de Pembrolizumab para el 
tratamiento de tumores sólidos no resecables o 
metastásicos con inestabilidad de microsatélites o 
déficit de proteínas reparadoras de daño en ADN

• Esto se basa en defectos genéticos más que en el 
tejido de origen del tumor

• Es preciso desarrollar otros test de susceptibilidad y 
respuesta

PROTEÍNAS REPARADORAS



FORMOL Y ADN

• El formol es un agente desnaturalizante irreversible porque 

induce enlaces covalentes con los grupos NH2 de las bases e 

impide su apareamiento

• El ADN desnaturalizado absorbe más luz a 260nm 

(hipercromicidad)

–Muchas muestras extraídas de parafina tienen cocientes A260/A280 

buenos pero no amplifican adecuadamente

– Indica mala fijación y enlaces estables




