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.drugs discovery

• DNA sequence alignment.
• de novo DNA sequence.
• protein folding and 

interactions with ligands.
• force field and electronic

structure computation.
• screening and generation of 

molecular entities as drug
candidates.

• drug retargeting.

diagnostics
• medical images classification 

and reconstruction.
• disease assessement based

on genomic samples.
• clinical data classification and 

analysis.
• disease risk prediction.
• clustering of similar 

individuals.

treatments
• persistence and health-

related behavior prediction.
• treatment and intervention 

effectiveness forecasting.
• disease outbreak prediction

and spread modeling.
• precision oncology.
• tailored radiotherapy.
• hospital capacities 

optimization.

simulating nature

• chemical simulations.

data processing

• images and structured data.
• quantum machine learning.

search and optimizations

• various datasets.

quantum sensors

• less invasive imaging (MRI, MEG) and better precision biological sensors (NV centers).
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Source: Drug design on quantum computers by Raffaele Santagati, Alan Aspuru-Guzik, Nathan Wiebe et al, January 2023 (9 pages)

fasten drug discovery

this part could 
potentially be 
accelerated thanks to 
quantum computing
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Force Fields/
Semi-empirical Methods
Methods that cannot fully 

describe quantum 
mechanical effects but can 
be tuned with information 
from quantum methods.

Hartree-Fock/Density Functional 
Theory (DFT)

Mean-field methods treat electrons 
in the presence of the average 

potential of the other electrons. 
DFT includes electronic correlation, 

while Hartree-Fock does not.

Coupled-Cluster (CC)
Cluster wavefunction 
methods that expand 
around a single mean-

field reference.

Full Configuration Interaction 
(FCI)

Method that delivers the 
exact energy of the electronic 

structure problem within a 
finite basis set.

Cytochrome in solution Cytochrome binding site Cytochrome heme site Cytochrome iron cluster

common electronic structure methods employed on classical computers
commonly used quantum chemistry methods to solve the electronic structure problem. In the left column, we zoom in on the 

Compound I intermediate of Cytochrome c Peroxidase (PDB ID: 1ZBZ [71{73]).

accuracy increases as molecule are smaller
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not yet bringing any 
quantum computational 

advantage

long term 
(>10 years 

ahead)
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protein folding requirements
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quantum-based protein folding simulation

source: Resource-efficient quantum algorithm for protein folding, Anton Robert et al, 2020.

quantum variational algorithm 
+ genetic algorithm optimize 10 amino acid Angiotensin on 22 qubits

⇒ O(N4) N=number of amino acids current AlphaFold record is with 450 amino acids.
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challenges

AlphaFold 3 can now generate predictions for 
nearly all molecules in the Protein Data Bank 
(PDB), frequently reaching atomic accuracy

Source: A glimpse of the next generation of AlphaFold, Google DeepMind AlphaFold team and Isomorphic Labs team, October 2023.

Blackwell GPU with 200 billion transistors 
and DGX B200 with 8 B200, 144 petaFLOPS

inference workloads.
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tensor network techniques

sources: Introduction to Tensor Network States and 
Methods by Román Orús, DIPC & Multiverse Computing, 
2020 (229 slides) and Lecture 1: tensor network states 
by Philippe Corboz, Institute for Theoretical Physics, 
University of Amsterdam (56 slides).
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laptop

server

cluster

non accessible

vector state emulation of 
« perfect » FTQC qubits

tensor network 
approximation of NISQ qubits
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study in that

zone cannot bring
any business 

value

a QPU case study in that zone 
may bring some quantum 

advantage in a NISQ regime
with using quantum error

mitigation

too noisy to 
be of any

practical use
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assessing QC case studies

problem sizing

resource estimates

quantum advantage

criteria

small scale

QPU type
NISQ or 

emulator

tested with 
<30 qubits

larger scale

analog

large scale

FTQC

>1,000 logical 
qubits

speedupresults quality

very large 
scale

large FTQC

>10K logical 
qubits

case 2case 1 case 3 case 4

approaching 
quantum 

advantage

equivalent to a 
classical 

computing case

long term 
applicability

very long term 
applicability



14

understanding « case studies »
• QAOA algorithm on a 5 noisy IBM QPU qubits.
• 50 amino acid string generation.
• “Quantum Needleman-Wunsch does not give good results for a 

random protein provided with the quantum generator contrary to 
Quantum Smith-Waterman algorithm. Moreover, the structure of the 
scoring matrix constructed with the Needleman-Wunsch algorithm is 
less adapted for QAOA. QAOA has difficulty finding the fundamental 
state of the quantum system due the spectrum of the scoring matrix is 
globally symmetrical, resulting in a very slow resolution time, which is 
not the case for the Smith-Waterman or the Conflict graph 
algorithms”.

• tested on 8 qubits on a Qiskit emulator.
• no “quantum” advantage.

February 2024

March 2024
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other cases studies

• good results.
• tested on a 5-qubit emulator.
• no “quantum” speedup advantage.
• this is classical computing.

January 2024

November 2023

• good results.
• tested on a 8-qubit Quantinuum QPU.
• no “quantum” speedup advantage.
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quantum-based multi-omics
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drug
discovery
pipeline

source: Generalizable
Quantum Computing

Pipeline for Real World Drug 
Discovery by Weitang Li et al, 

arXiv, January 2024.
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classical 
method

current VQE 
NISQ based 

method

source: Generalizable Quantum Computing Pipeline for Real World Drug Discovery by Weitang Li et al, arXiv, January 2024.
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D-Wave use cases in healthcare

de-novo proteins and polypeptides creation

with hybrid computing, tests in research against the covid-19 virus.

source: D-Wave

drug retargeting

with Biogen, 1QBit and Accenture research

source: D-Wave

liver donor optimization

NP-complet complete problem using QUBO

source: Accenture, D-Wave

cancers classification

multi-omics: genomics + symptoms in QML

source: D-Wave

radiotherapy optimization

to minimized x-ray dose

source: Roswell Park, D-Wave
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Pasqal use cases in healthcare

toxicity screening experiment, consisting of a binary classification 
protocol on a biochemistry dataset comprising 286 molecules of sizes 

ranging from 2 to 32 nodes, and obtain results which are comparable to 
those using the best classical kernels

estimating the ground-state energy of Hamiltonians coming from 
chemistry. Study numerically the behavior of a digital-analog 

variational quantum eigensolver for the H2, LiH and BeH2 molecules.

quantum algorithms able to 
sample equilibrium water solvent 
molecules configurations within 

proteins thanks to analog 
quantum computing
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chemistry and healthcare QC startups
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magnétomètres ultrasensibles

210 fT/ Hz

quantum sensors in healthcare

medical imaging
biological analysis

SQUID based
ultra-low field MRI

helium 4 nucleus spin 
MEG brain imaging

https://www.oezratty.net/wordpress/wp-content/Qnami-logo.jpg
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key takeaways
1. quantum computing can bring significant advantage like with quantum 

simulations for drug discovery but only in a FTQC regime.

2. it will require a large number of logical and physical qubits and require 
some patience.

3. quantum algorithms can be tested at small scales with existing QPUs or 
emulators.

4. there are some interesting analog quantum computing use cases, 
particularly for optimizations.

5. quantum sensors already work.
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fake quantum medicines

Roger Penrose’s Orch-OR theory

Biophotons detectors

Water memory Structured water

Quantum consciousness
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Scalar waves generators

Magic quantum crystals

Quantum Shield medallions 5G BioShield
"quantum holographic catalyst"
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discussion
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