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Dear colleagues,
in the current issue, the editorial by lampri e., de-

scribes the role of the collaboration between a patholo-
gist and a gastroenterologist and emphasizes the need 
for a direct and close communication for the benefit of 
the patient.

Moreover, this issue includes five reviews. the first 
review, by Bellou et al. summarizes the latest data regard-
ing the acute phase and the long-term treatment of the 
pulmonary embolism. the review by dimitrakopoulos et 
al. describes the signaling pathways involved in meta-
static colorectal cancer development and progression 
and identifies the molecular targets that constitute 
eligible targets for immunotherapy drugs. the review 
by Konstantopoulou et al. provides an overview of 
biosensors development and their applications across 

several domains. the review, by liossis et al. presents 
data on the direct and indirect role of B cells in three 
autoimmune disorders: systemic lupus erythematosus, 
rheumatoid arthritis and systemic sclerosis. lastly, the 
review by Staveri c., describes novel therapeutic ap-
proaches regarding the Systemic lupus erythematosus, 
focusing particularly on lupus nephritis.  

Warmest wishes for a happy holiday season,
yours sincerely,

c. triantos
associate Professor in internal Medicine
and Gastroenterology faculty of Medicine,
School of health Sciences, university of Patras
editor-in-chief of the journal “achaiKi iatriKi”
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How important is the collaboration among 
gastroenterologists and pathologists?  
Do they see two sides of the same coin?

Evangeli Lampri

department of Pathology, faculty of Medicine,  
Scool of health Sciences, university of ioannina,  
ioannina, Greece
received: 30 Sep 2021; accepted: 14 Jun 2022

clinical diagnosis, management, and follow up. then, 
the gastroenterologist will play a continuing role in 
the treatment and well-being of the patient after the 
diagnosis [3,4]. 

Patients may never meet the pathologist involved 
in diagnosis, but an accurate and detailed diagnosis is 
a critical first step to move forward and define a treat-
ment plan. 

the gold standard for diagnosis is the bidirectional 
relationship between the pathologist and the gastro-
enterologist. 

in general, good diagnosis is based on the following 
procedures: clinical examination, endoscopy, sampling 
(biopsy), morphological evaluation, and reporting [3,4].

the endoscopist must provide the pathologist with 
information about the patient, including the findings of 
the gross examination, biopsy location, relevant clinical 
history, bowel preparation, and current medications [5]. 

for example, a gastroenterologist should clarify whether 
a lesion is local or diffused, because that may help, for 
example, in the differential diagnosis of an “inflamma-
tory polyp” from “colitis”. 

Moreover, the gastroenterologist is responsible 
for supplying appropriate samples. One study found 
that the number of biopsy samples from two to eight 
improved the detection of esophageal carcinoma from 
95.8% to 100%, meaning that four cases out of 100 are 
missed if only two biopsy samples are taken [6].

consider a pathologist with a gastric biopsy, not 
being aware of the patient’s history of gastric Malt 
lymphoma. he may consider it as chronic gastritis, 

improving communication among healthcare pro-
viders is a familiar topic to most physicians. among 
them, gastroenterologists and pathologists have realized 
that their effective communication must become an 
even higher priority. although this concept may seem 
to receive a disproportionate amount of emphasis, 
research continues to show that poor communication 
contributes to many medical errors and is “a top reason 
for team mishaps and subsequent lawsuits” [1,2]. this 
working relationship often requires close collaboration 
and coordination; thus, successful communication is vital 
to ensure patient safety and reduce the risk of errors. 

a patient, who experiences uncomfortable symp-
toms involving his digestive tract, is going to contact a 
gastroenterologist. the forementioned clinician must 
take an accurate history, perform a physical examina-
tion and if it is necessary a diagnostic endoscopy, taking 
biopsies. then, the ball goes to the pathologist’s field. 
even the most experienced pathologist may find it ex-
tremely difficult to report a case without being aware 
of the clinical history of the patients. the information 
that a pathologist must know in order to appropriately 
evaluate a biopsy and make a diagnosis is diverse, and 
usually the main source of this information is the gas-
troenterologist, such as every other clinician responsible 
for the care of patients.

the pathologist will study the cytological and his-
tological structure of normal or abnormal tissue. the 
pathologist’s report will have major implications for the 

Key words: Gastroenterologist; pathologist; biopsy; di-
agnosis
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missing a remaining focus, which sometimes needs 
immunohistochemistry to be revealed.

there are cases of inflammatory Bowel disease 
(iBd) where there are no isolated histological features 
diagnostic of a subtype of iBd. instead, the pathologist 
should take into consideration that certain features 
are more prevalent in one subtype than in another. 
diagnostic accuracy is optimized if there is the oppor-
tunity to assess multiple features together, for example 
if the intersite and intrasite distribution of changes is 
also analyzed, and if clinical details are taken into ac-
count [7]. a diagnosis of iBd is a challenging task for a 
pathologist as he/she cannot do it by his/her own. he 
must know the number of biopsy specimens taken, the 
topography of the samples, the endoscopic report, the 
macroscopic appearance of the mucosa, the endoscopic 
score of the inflammation [8,9]. the extent of the dis-
ease can be determined endoscopically. Moreover, in 
a long standing iBd, the pathologist must be aware of 
any treatment which may have changed the course of 
the disease [10-12].

a gastroenterologist can get the best out of his 
pathologist, giving the appropriate information about 
the patient’s clinical history, making him/her aware 
of the possible clinical diagnosis and asking him/her 
to collaborate in order to conclude the most accurate 
diagnosis for the patient.

Pathologists have to talk to their clinicians and vice 
versa; sometimes a case may need to be discussed in a 
multidisciplinary team, for example a case of iBd with 
extensive areas of dysplasia. all these recommendations 
may seem obvious and undisputable, however most of 
pathology departments receive samples with incom-
plete or no clinical details, or even worse biopsies from 
different sites may arrive within the same vial [11, 12].

On the other hand, biopsies may be interpreted 
wrongly when pathologists are unaware of the clinical 
background. Pathologists should examine and describe 
only features that are relevant to the clinician and repro-
ducible. histopathological findings must be reported in 
an accurate, reliable and reproducible way. the language 
must facilitate clear, direct communication among pa-
thologists themselves and between pathologists and 
gastroenterologists [3, 4]. the pathology report must 
be clear and comprehensive for clinicians, describing 
all histological features and providing a diagnosis. the 
best scenario would be the lowest interobserver and 
intra-observer differences.

the most common clinical decisions, based on 

pathological findings, involve the differential diagno-
sis between malignant and benign lesions, as well as 
the characterization of inflammation in iBd, gastritis 
etc. Based on histopathological diagnosis, a gastric or 
colonic polyp may be benign or neoplastic [13, 14]. a 
biopsy from the terminal ileum can differentiate crohn’s 
ileitis from tuberculosis [15] and a colonic biopsy dis-
tinguishes ulcerative colitis from specific, self-limited 
colitis, or crohn’s disease [16].

Both pathologists and gastroenterologists must 
cooperate and use common terminology and follow 
accepted guidelines, such as the Sidney classification 
of gastritis [17] and low grade versus high grade dys-
plasia in Barrett’s esophagus [18] and ulcerative colitis 
[19]. the pathologist’s diagnosis determines patient 
management, follow up, and treatment. for example, 
a diagnosis of Barrett’s esophagus needs an annual or 
biennial endoscopy and biopsy, and treatment with 
high dose proton pump inhibitors. if the diagnosis is 
that of Barrett’s esophagus with low grade dysplasia, the 
patient needs endoscopy after six months, but when the 
diagnosis is high grade dysplasia, endoscopic mucosal 
resection or surgery should be performed [18].

the pathologist must accurately communicate the re-
sults and provide all necessary data so that the gastroen-
terologist can take the necessary steps for treatment or 
follow up. there are cases with uncertainties in diagnosis 
[3, 4]. Pathologists often use terms as “consistent with” 
or “suggestive of” which can be interpreted differently 
by different people [20]. a scoring system would help 
avoid any misunderstanding or confusion, but this is not 
always possible [21].

 
for example, an adenoma of the 

large intestine should be characterized as having, low 
or high grade, dysplasia and not with descriptive terms 
with no clinical applications. the pathologist should 
try to reach a conclusion and not only a descriptive 
diagnosis, as this may be misleading. describing mild 
chronic inflammation in colon mucosa which may be 
a feature of normal colon without clinical importance 
may lead to unnecessary follow up, as gastroenterolo-
gists may suspect the beginning of a colitis. Moreover, 
the inclusion of the term “atypia” in a pathology report 
should be clarified whether it refers to regenerative or 
dysplastic. the “grey zones” of unclassified dysplasia 
should be avoided, if it is possible. 

the pathologist must provide a reproducible and 
useful report that addresses the clinical questions posed 
by the endoscopist. a poor interdisciplinary dialogue 
can lead to mistreatment or mismanagement, some-
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terologist interaction. the changing role of the pathologist. 
am J clin Pathol. 1995;103(4 Suppl 1):S9-12. 

6. lal n, Bhasin dK, Malik aK, Gupta M, Singh K, Mehta SK. 
Optimal number of biopsy specimens in the diagnosis of 
carcinoma of the esophagus. Gut. 1992; 33(6):724–6. 

7. feakins rM, British Society of Gastroenterology. inflam-
matory bowel disease biopsies: updated British Society 
of Gastroenterology reporting guidelines. J clin Pathol. 
2013; 66(12):1005–26. 

8. novak G, Stevens t, Van Viegen t, Bossuyt P, Štabuc B, 
Jeyarajah J, et al. evaluation of optimal biopsy location for 
assessment of histological activity, transcriptomic and im-
munohistochemical analyses in patients with active crohn’s 
disease. aliment Pharmacol ther. 2019 ;4 9(11):1401–9. 

9. Magro f, Gionchetti P, eliakim r, ardizzone S, armuzzi a, 
Barreiro-de acosta M, et al. third european evidence-based 
consensus on diagnosis and management of ulcerative 
colitis. Part 1: definitions, diagnosis, extra-intestinal mani-
festations, pregnancy, cancer surveillance, surgery, and ileo-
anal pouch disorders. J crohns colitis. 2017; 11(6):649–70.

10. yeshi K, ruscher r, hunter l, daly nl, loukas a, Wang-
chuk P. revisiting inflammatory Bowel disease: Pathol-
ogy, treatments, challenges and emerging therapeutics 
including drug leads from natural Products. J clin Med. 
2020; 9(5):1273. 

11. c.r. Snyder, carol e. ford. coping with negative life events: 
clinical and Social Psychological Perspectives. Springer 
Science. (2013). p. 12. 

12. Genta rM, lash rh. every gastroenterologist deserves a gas-
trointestinal pathologist. dig liver dis. 2008; 40(8):627-31. 

13. Koh tJ, Wang tc. tumors of the stomach. in: Sleisenger 
and fordtran’s gastrointestinal and liver disease, 7th ed. 
Philadelphia: Saunders, 2002:829–55. 

14. O’Brien MJ, Winawer SJ, Zauber aG, Gottlieb lS, Sternberg 
SS, diaz B, et al. the national polyp study: patient and polyp 
characteristics associated with high-grade dysplasia in 
colorectal adenomas. Gastroenterology. 1990; 98(2):371–5.

15. Sands Be. crohn’s disease. in: Sleisenger and fordtran’s 
gastrointestinal and liver disease, 7th ed. Philadelphia: 
Saunders, 2002:2005–38. 

16. dube aK, cross SS, lobo aJ. audit of the histopathological 
diagnosis of non-neoplastic colorectal biopsies: achievable 
standards for the diagnosis of inflammatory bowel disease. 
J clin Pathol 1998; 51(5):378–81.

17. Misiewicz J. the Sidney system: a new classification of 
gastritis. J Gastroenterol hepatol 1991; 6(3):207–8. 

18. Kahrilas PJ, Pandolfino Je. Gastroesophageal reflux disease 
and its complications, including Barrett’s metaplasia. in: 
Sleisenger and fordtran’s gastrointestinal and liver disease, 
7th ed. Philadelphia: Saunders, 2002:599–622. 

19. Jewell dP. ulcerative colitis. in: Sleisenger and fordtran’s 
gastrointestinal and liver disease, 7th ed. Philadelphia: 
Saunders, 2002; 2039–67. 

20. attanoos rl, Bull ad, douglas-Jones aG, fligelstone lJ, Se-
mararo d. Phraseology in pathology reports. a comparative 
study of interpretation among pathologists and surgeons. 

times with dire outcome. histopathological evaluation 
is prone to subjective biases, despite the use of indices. 
in addition, these indices are developed by expert iBd 
pathologist, but applied at large, by general patholo-
gist [22].

Gastroenterologists and pathologists should con-
sider themselves as the blind men in the parable with 
the elephant. imagine these blind men who have never 
come across an elephant before and try to learn what 
the elephant is like by touching it. each blind man ex-
amines a different part of the elephant’s body, but only 
one part, such as the side or the tusk or the tail. then 
they describe the elephant based on their limited expe-
rience. the moral of the parable is that doctors should 
not claim absolute truth based only on the experience 
of their specialty, ignoring other doctors’ experiences.

a more sophisticated or detailed diagnosis actu-
ally translates to better care, and provides numerous 
examples that show not only a clinical benefit to the 
patient and the gastroenterologist, but also a financial 
advantage for payors (patients or insurances) [12]. for 
the optimal communication between pathologists 
and gastroenterologists, pathologists must ensure ac-
curate assessment and clear and relevant reports, and 
gastroenterologists must provide all relevant clinical 
information, the endoscopic picture and ensure proper 
and adequate sampling. the coin is the same: the ulti-
mate benefit of the patient. 
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Principles for the management  
of pulmonary embolism:  
An evidence-based review

Aggeliki Bellou1, Charalampos Lampropoulos2, fotini fligou1

Abstract

Pulmonary embolism (Pe) is the third most common cause of cardiovascular death worldwide, affecting people of all 
ages, nationalities, and genders, with an increased incidence in elderly hospitalized patients. Pe may present with a 
spectrum of clinical manifestations ranging from asymptomatic Pe to life-threatening Pe with hemodynamic insta-
bility. hemodynamic instability is particularly important because it is associated with the risk of premature death. 
the management of Pe has evolved in recent years with the availability of direct oral anticoagulants (dOacs), local 
thrombolysis, surgical embolectomy, and extracorporeal membrane oxygenation (ecMO). the increasing awareness 
of healthcare professionals and the development of multidisciplinary Pe response teams have also led to significant 
changes in disease management. in this review we present the latest updates on the management of Pe, taking 
into account the latest eSc / erS guidelines published in 2019. in addition, we present the most recent publications 
regarding the occurrence of Vte in cOVid-19 patients, the effect of vaccination against SarS coV-2 on Vte and the 
most important studies that have been conducted. 
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niotic fluid, parasites, or even air embolism into the 
pulmonary circulation. Such cases are also known as 
non-thrombotic Pe [1]. Pe and deep vein thrombosis 
(dVt) are two different entities of a main disease 
called venous thromboembolic disease (Vte). Vte is 
the third most common acute cardiovascular disease 
and is responsible for causing significant morbidity 
and mortality, as well as for a significant financial 
burden on health care systems [2,3]. although the 
incidence of Pe seems to increase over the years, the 
mortality rate decreases [4]. this is due to the adher-
ence to the guidelines by clinicians, as well as to the 
implementation of safer and more effective treatments 
and non-invasive diagnostic techniques that have 
emerged in recent years [5].

INtRoDUCtIoN
Pulmonary embolism (Pe) is defined as the block-

age of the pulmonary circulation by a substance 
that has moved from elsewhere in the body through 
the bloodstream (embolism). in most cases, Pe is 
caused by a thrombus or thrombi that originate in 
the deep venous system of the lower or (less often) 
upper extremities. rarely, Pe is the result of fat, am-



176 aggeliki Bellou, et al

ACHAIKI IATRIKI October - December 2022, Volume 41, Issue 4 

the prognosis of Pe depends on the patient’s hemo-
dynamic compromise, the underlying disease state, 
and the accurate and prompt diagnosis and treatment. 
approximately 34% of patients with Pe die suddenly or 
within a few hours of the acute event, before receiving 
appropriate treatment, according to epidemiological 
models [6]. Pe is a challenge for clinicians, not only in 
terms of correct diagnosis, but also regarding appropri-
ate treatment to be applied during the acute phase and 
long-term follow-up.

the present review summarizes the latest evidence-
based recommendations from the european Society of 
cardiology (eSc) and the european respiratory Society 
(erS) regarding acute phase and long-term treatment 
of Pe [7]. acute phase treatment is determined by risk 
assessment, while long-term treatment is determined 
by the risk of recurrence.

Assessment of the severity of PE
assessing the severity of Pe is crucial not only for 

assessing early mortality but also for determining treat-
ment strategy. the severity of Pe can be assessed by 
evaluating the clinical, imaging, and laboratory biologi-

cal markers associated with right ventricular dysfunc-
tion, as well as by evaluating patient’s co-morbidities. 
Prognostic assessment is important to begin upon 
suspicion of the disease. there are several clinical scores 
to determine the severity of Pe [8,9]. Most of these are 
based on clinical findings at the time of diagnosis and 
risk factors for Pe. the Pulmonary embolism Severity 
index (PeSi) score is the most frequently used score and 
has been validated by the eSc / erS 2019 guidelines 
[10]. the PeSi score evaluates 11 parameters including 
age, sex, temperature, blood pressure, oxygen satura-
tion, and several co-morbidities. due to the complexity 
of the original version, a more simplified version has 
been developed (table 1). the main limitation of the 
PeSi score is, as mentioned above, that it includes many 
variables, which makes this score complex and difficult 
in everyday clinical practice [11,12].

hemodynamic instability is of particular importance 
and reflects the right ventricular compromise, hence the 
risk of premature death. hemodynamic instability is a rare 
phenomenon in acute Pe, but when present it requires 
urgent and appropriate medical care from a multidisci-
plinary team. imaging of the right ventricle with either an 

Table 1. Original and simplified PESI scores.

Original PeSi score Simplified PeSi score

Variable - Points

1. age: +1 per year

2. Sex: female: 0, Male: +10

3. history of cancer: +30

4. history of heart failure: +10

5. history of chronic lung disease: +10

6. heart rate ≥110/min: +20

7. Systolic BP <100 mmhg: +30

8. respiratory rate ≥30/min: +20

9. temperature <36°c/96.8°f: +20

10.  altered mental status (disorientation, lethargy, stupor, or coma): 
+60

11. O2 saturation <90%: +20

Variable - Points

1. age > 80 years: +1

2. history of heart failure or chronic lung disease: +1

3. history of cancer: +1

4. heart rate ≥110/min: +1

5. Systolic BP <100 mmhg: +1

6. O2 saturation <90%: +1

classification classification

•	class i (≤ 65 points): very low risk

•	class ii (66-85 points): low risk

•	class iii (86-105 points): intermediate risk

•	class iV (106-125 points): high risk

•	class V (> 125 points): very high risk

•	0 points: low risk

•	≥ 1 points: high risk
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hemodynamic compromise is controversial and, when 
necessary, it requires additional intervention, such as 
surgical embolectomy. attention should be given to 
long term application, due to the complications that 
may occur (hemorrhage) [22]. the efficacy and safety 
of ecMO depends on the center’s experience and the 
available expertise [23].

Advanced Life Support (ALS): all healthcare pro-
fessionals should have the practical skills to manage 
cardiac arrest and “peri-arrest” problems, according to 
the european resuscitation council (erc) guidelines [24].

Initial Anticoagulation: Vitamin K antagonists (VKas) 
were the mainstay of Vte treatment for more than 50 
years. With the introduction of direct oral anticoagulants 
(dOacs) in the last decade, the therapeutic manage-
ment of Pe has undergone radical changes. however, 
parenteral anticoagulants (low molecular weight hepa-
rin - lMWh, fondaparinux and unfractionated heparin 
- ufh) still remain the mainstay of treatment for initial 
anticoagulant therapy in Vte (table 2).

Anticoagulants: as mentioned above, the treatment 
of acute phase Pe is based on risk assessment. in patients 
with high-risk Pe, it is strongly recommended to start 
anticoagulant therapy with ufh, including a weight-
adjusted bolus dose. in patients with intermediate 
or low-risk Pe, immediate initiation of anticoagulant 
therapy with lMWh is recommended, when the pre-test 
probability is intermediate or high. lMWh and fonda-
parinux are preferred because of lower risk of major 
hemorrhage or heparin-induced thrombocytopenia 
(hit) compared to ufh [25,26]. the use of ufh is limited 
to patients with hemodynamic compromise who may 
require reperfusion intervention or to patients with 
mechanical heart valves and severe renal insufficiency. 

an equally fast anticoagulant effect is achieved with 
VKas and dOacs. dOacs are molecules that directly 
inhibit several coagulation factors. Specifically, dabi-

echocardiogram or ctPa is vital to detect changes in the 
morphology and function of the right heart [13,14]. these 
changes are the result of an acute increase in pulmonary 
arterial pressure (PaP) and pulmonary vascular resistance 
(PVr). Biochemical markers that reflect the damage of 
the myocardium include high circulating levels of highly 
sensitive troponine i (hs-tni), brain natriuretic peptide 
(BnP) and pro-BnP [15,16]. among the other clinically 
applicable biomarkers, high serum creatinine and lactic 
acid levels have been shown to be associated with adverse 
outcomes in patients with Pe [17,18].

Acute phase treatment
during acute phase treatment, the respiratory and 

hemodynamic stabilization of the patient with Pe is of 
paramount importance.

Ventilation and oxygen therapy: all patients with 
an oxygen saturation of less than 90% should receive 
supplemental oxygen therapy. low arterial oxygen 
pressure (pO2), which does not respond to conven-
tional oxygen therapy, may be present in patients with 
right-to-left communication (open foramen ovale) [19]. 
Particular care should be taken when applying positive 
end-expiratory pressure to patients with Pe, given that 
positive thoracic pressure may reduce venous return 
and cardiac output due to right ventricular failure. high 
flow nasal cannula or non-invasive ventilation with low 
PeeP should be preferred if the patient can tolerate these 
methods of ventilation. When mechanical ventilation is 
necessary, tidal volume (Vt) should be approximately 
6ml/kg ideal body weight (iBW), and the end expiratory 
plateau pressure should be below 30cm h2O.

Right ventricular dysfunction: this condition is the 
main cause of decreased cardiac output and the lead-
ing cause of death in patients at high risk for Pe. fluids 
should be administered with caution, as they may further 
reduce cardiac output [20]. assessment of central venous 
pressure (cVP) can help assess a patient’s volume status, 
especially in hypovolemic patients. Vasoconstrictors and 
inotropes are often necessary, along with other medica-
tion [21]. norepinephrine ameliorates hemodynamic 
parameters, improving heart contraction and coronary 
perfusion, without altering pulmonary vascular resist-
ance (PVr). dobutamine can be used in patients with 
normal arterial blood pressure, but physicians should 
be aware that when used without vasoconstrictors it 
may aggravate or trigger arrhythmias.

Extracorporeal membrane oxygenation (ECMO): 
the use of venous-arterial ecMO in patients with Pe and 

Table 2. Parenteral anticoagulants.

agent dosage interval

fondaparinux 5mg (body weight <50kg)

7.5mg (body weight 50-100kg)

10mg (body weight >100kg)

Once daily

enoxaparin 1mg/kg twice daily

tinzaparin 175 iu/kg Once daily

dalteparin 100 iu/kg twice daily
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gatran inhibits thrombin, while edoxaban, rivaroxaban 
and apixaban inhibit factor Xa (table 3). in several 
studies apixaban has been shown to be safer for major 
or clinically relevant non-major bleeding [27]. dOacs 
are not recommended for patients with severe renal 
impairment, antiphospholipid syndrome, or patients 
who are pregnant or breastfeeding. When VKas are 
used, concomitant parenteral anticoagulant therapy is 
recommended for at least 5 days, until inr reaches 2-3 
for two consecutive days. Warfarin should be initiated 
in patients under 60 years old at a dose of 10 mg, while 
in the elderly at a dose of 5 mg. the dose should then 
be adjusted over the next 5-7 days, according to inr 
levels. VKas have many limitations, especially regard-
ing the need for frequent inr measurements and their 
pharmacokinetics when taking other medications or 
foods [28].

Reperfusion treatment: Patients with Pe who are he-
modynamically unstable should undergo thrombolysis 
in an intensive care unit. thrombolysis has been shown 
to reduce PaP, PVr and rV dilatation. thrombolysis 
is most effective when performed within the first 48 
hours of the onset of symptoms, although it may be 
useful in patients with symptom onset for up to 14 
days [29]. thrombolysis is considered successful when 
the patient’s hemodynamic status and rV dysfunction 
improve (as shown on the echocardiography 36 hours 
after thrombolysis) [30]. the impact of thrombolysis has 
been studied in the Pulmonary embolism thrombolysis 
Study (PeithO trial) where patients with intermediate 
high pulmonary embolism underwent thrombolysis. 
the researchers concluded that although thrombolysis 
significantly improved rV dysfunction and resulted in 
reduced mortality from haemodynamic collapse, it in-
creased the risk of severe bleeding [31]. the approved 
regimens for thrombolysis and contraindications are 
shown in table 4 and table 5, respectively. 

alternatively, patients with high-risk Pe or patients 
with intermediate high Pe who worsen may undergo 
mechanical reperfusion. this is performed by a percuta-
neous catheter which is directed to the pulmonary arte-
rial bed and fragments and/or aspirates the thrombus. a 
hybrid method that combines mechanical fragmentation 
of the thrombus with in situ low dose thrombolysis may 
also be performed. the overall success rate of percutane-
ous catheter-directed therapy has been mentioned to 
be up to 87% [32]. Surgical embolectomy in high-risk Pe 
is performed along with cardiopulmonary bypass and 
seeks to aspirate fresh thrombi. recent studies support 

Table 3. Direct oral anticoagulants (DOACs).

agent dosage

dabigatran* 150mg twice daily

rivaroxaban 15mg twice daily for 21 days, followed  
by 20mg once daily

apixaban 10mg twice daily for 7 days, followed  
by 5mg twice daily

edoxaban * 60mg once daily

*it should always be preceded by parenteral anticoagulants for 
at least 5 days.

Table 4. Thrombolytic regiments.

agent dosage 

rtPa  (alteplase) 100mg over 2 hrs

Streptokinase 250000 iu over 30 min as a loading dose, 
followed by 100000 iu/hr over 12-24 hrs

urokinase 4400 iu/kg over 10 min as a loading 
dose, followed by 4400 iu/kg/hr over 
12-24 hrs

Table 5. Contraindications to thrombolysis.

absolute relative

Prior intracranial 
haemorrhage

Known intracranial 
neoplasm

ischaemic stroke within 6 
months

Major trauma or head 
injury in previous 3 weeks

Bleeding diathesis

active bleeding (except 
menses)

transient ischaemic attack 
within 6 months

Oral anticoagulations

Pregnancy or post-partum 
week

active peptic ulcer

uncontrolled hypertension 
(SBP>180mmhg)

non-compressible puncture 
sites

advanced liver disease

traumatic resuscitation

surgical embolization in combination with ecMO in 
patients with high-risk Pe [33].

Vena cava filters: the placement of a vena cava filter is 
intended to mechanically prevent thrombi displacement 
from the lower extremities into the pulmonary circula-
tion. Most vena cava filters are placed percutaneously 
and can be removed after weeks or months, or left in 
place for a long time, if necessary. according to the 
2019 eSc/erS guidelines, the indications for placement 
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Table 6. Patients at increased risk of bleeding.

1. Bleeding within last 30 days needing acute care setting

2. Bleeding disorders

3. central nervous system malignancy

4. thrombolysis within 7 days

5. Oral anticoagulants

6. history of intracranial haemorrhage 

7. recent ischemic stroke

8. Platelet count < 50 x 109/l, haeboglobin < 8 g/dl

9. Major surgery within 14 days

of a vena cava filter include the following: a) absolute 
contraindications for anticoagulation, and b) recurrent 
Vte despite adequate anticoagulation therapy. the 
PrePic-2 study showed that vena cava filters compared 
to standard anticoagulant treatment were associated 
with a lower risk of Pe recurrence, but a significantly 
higher risk of dVt, and no statistically significant dif-
ference in mortality risk [34,35].

Long-term treatment
long term treatment of Vte aims to: a) be completed 

without complications, and b) prevent relapses. Most 
studies on the long-term treatment of Vte include pa-
tients with dVt, with or without Pe. the risk for recurrence 
after discontinuation of treatment is associated with the 
characteristics of the principal event [36]. the recurrence 
rate after discontinuation of treatment is approximately 
2.5% per year for Pe associated with transient risk factors, 
compared to approximately 4.5% per year for Pe occur-
ring in the absence of known malignancy, thrombophilia, 
or other known risk factors [37,38]. the recurrence rate 
after discontinuation of anticoagulant therapy is similar 
whether it will stop after 3-6 months or after longer time 
periods. in addition, it should be borne in mind that 
although per se anticoagulant therapy reduces the risk 
of Vte by approximately 90%, it also increases the risk 
of bleeding (table 6) [39,40,41].

according to recent guidelines, all patients with 
Vte should receive anticoagulant therapy for at least 3 
months [42]. for patients in whom the first episode of 
Vte is the result of a major transient or reversible risk 
factor, discontinuation of anticoagulant therapy at 3 
months is recommended [43]. for patients in whom Vte 
is not associated with a major or reversible risk factor, an 
indefinite duration of treatment is recommended [44]. 
VKas are the treatment of choice in patients with an-
tiphospholipid syndrome [45]. Patients with hereditary 
thrombophilia, especially those with confirmed protein 
c, S, antithrombin deficiency or homozygous mutation 
in prothrombin G20210a, are candidates for indefinite 
duration of treatment when the main Vte event occurs 
in the absence of a major transient or reversible risk fac-
tor. however, there are no data on the clinical benefits 
of prolonged anticoagulant therapy in carriers of the 
G20210a mutation or in patients with heterozygous 
factor V leiden. an indefinite duration of treatment is 
recommended for the first episode of Vte, when there 
is not known risk factor. in prolonged treatment, dOacs 
could be used at a reduced dose. in prolonged treat-

ment with dOacs reduced doses may be used [46,47]. 
Patient compliance, hepatic and renal function should 
be assessed on a regular basis.

PE during pregnancy
Pulmonary embolism is one of the leading causes 

of maternal death during pregnancy and treatment 
must be accurate and immediate [48,49]. according 
to recent guidelines, any pregnant woman with high 
or intermediate/low pre-test probability and positive 
d-dimmer levels should receive lMWh anticoagulant 
treatment without delay. ufh is not a contraindica-
tion during pregnancy, especially when the patient is 
hemodynamically unstable. ufh should be stopped 
6 hours before the delivery [50]. VKas and dOacs are 
contraindicated during pregnancy, as they cross the 
placenta [51]. eSc guidelines recommend thrombolysis 
in pregnant patients with Pe who deteriorate hemody-
namically. health professionals should always keep in 
mind that Pe during pregnancy should be treated by a 
multidisciplinary team (Pert), including obstetricians.

PE in patients with a malignancy
Patients with a malignancy are at greater risk of 

developing Vte. in addition, it is widely accepted that 
patients with a malignancy have a higher recurrence 
rate of Vte under lMWh (7-9%) compared to patients 
without malignancy [52]. 2019 eSc / erS guidelines 
recommend that patients with a malignancy should 
receive lMWh for at least 6 months [53,54]. nowadays, 
dOacs have been studied in patients with a malignancy. 
rivaroxaban and edoxaban may be used in such patients 
with a malignancy, unless they suffer from gastrointes-
tinal malignancy [55,56]. Patients with a malignancy 
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diagnosed with Pe incidentally (for instance, during 
follow-up ct) should be treated in the same way as 
symptomatic patients, even if Pe involves a single sub-
segmental vessel [57]. there is no current data to support 
the use of vena cava filters as an adjunct to anticoagulant 
therapy in this group of patients.

PE and CoVID-19 infection
early in the course of cOVid-19 disease it was ob-

served that inpatients develop a pro-coagulant state 
(eg. elevated d-dimers, high levels of von Willebrand 
and Vii factor, platelet activation), leading not only to 
macrovascular but also microvascular in situ thrombosis 
[58,59]. this finding has led many researchers to seek 
the optimal treatment for both thromboprophylaxis and 
therapeutic anticoagulant regimen in the short and long 
term. according to the guidelines published in cheSt 
in february 2022, it is recommended to administer a 
therapeutic dose (as thromboprophylaxis) of ufh or 
lMWh (preferably lMWh to reduce staff exposure) in 
acutely ill patients, that have low bleeding risk. On the 
other hand, for critically ill patients it is recommended 
to administer a prophylactic dose, instead of the inter-
mediate or therapeutic dose [60]. large studies have 
shown that heparin administered in the early stages of 
the disease has antiviral and anti-inflammatory action, 
which are absent in severe ardS from cOVid-19 [61]. in 
addition, icu patients were more likely to experience 
major bleeding, and there was no difference in mortality 
rates compared with those receiving the therapeutic or 
intermediate dose of ufh or lMWh [62]. dOacs have no 
indication for acute thromboprophylaxis or treatment 
of Vte in those patients [63]. anticoagulant therapy 
is not recommended in cOVid-19 positive patients 
who do not require hospitalization [64]. continuation 
of heparin is not recommended after discharge [65]. 
regarding long term treatment, there are no clear data 
or large randomized studies. however, it is a fact that 
the majority of complications occur in the first 30 days. 
current guidelines fail to clarify the optimal length of 
time that anticoagulants will be necessary for patients 
with cOVid-19 and Vte, and it is currently suggested 
that treatment is similar to standard of care patients. 

PE and vaccination against SARS CoV-2
Vaccination against SarS coV-2 is the most impor-

tant strategy for ending the pandemic of the disease. 
currently in the medical quiver there are several vaccines 
with different modes of action and different effective-

ness [66]. all vaccines are generally safe and effective, 
and they do not appear to cause more Vte events 
compared to SarS coV-2 infection, even in specific 
patient subgroups [67,68]. there are no robust data 
to support the exception from vaccination of patients 
with thrombophilia or to use thromboprophylaxis for 
a certain time period [69]. 

CoNCLUSIoNS
Optimal management of Pe involves a multidisci-

plinary approach and treatment should be individual-
ized. Patient management should start upon disease 
suspicion using validated risk stratification algorithms. 
lMWhs remain the treatment of choice for initial anti-
coagulant therapy. Over the past decade, four dOacs 
have led to significant changes not only in the chronic 
treatment of Pe but also in the initial anticoagulant 
therapy. these agents have been tested and proven 
to be safe for patients with malignancies other than 
gastrointestinal malignancies. thrombolysis should be 
performed in an intensive care unit, with monitoring, 
and always taking into account absolute contraindica-
tions. there is still controversy over the optimal dose 
of heparin during pregnancy; dOacs are not recom-
mended during pregnancy. further research is needed 
to determine the ideal period for anticoagulant therapy 
based on the risk of recurrence.
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by the end of 2021 in the united States [2]. 
the incidence of this cancer type has been increas-

ing accordingly to the human development index with 
the european countries, australia and northern america 
ranking first in the list. this phenomenon has been related 
to western-type dietary patterns and lifestyle factors, 
such as smoking and excess meat consumption [3]. But 
despite the fact that the survival rate has been improv-
ing through the years, especially due to the widely used 
screening methods, changes in certain daily habits but 
also the evolution of therapeutic strategies, the overall 
5-year survival rate, which mainly depends on the stage of 
the disease, remains at 65-70% in localized and regional 
stage cancers but drops significantly below 20% for those 
whose cancer has spread to distant parts of the body (14% 
for colon cancer and 16% for rectal cancer according to 
the american cancer Society’s (acS) data from 2010-2016.

INtRoDUCtIoN
colorectal cancer (crc) appears to be the third 

most commonly diagnosed cancer and one of the pre-
dominant causes of cancer-related mortality worldwide, 
ranking second following lung malignancies. accord-
ing to the 2020 GlOBOcan statistics, there have been 
recorded approximately more than 1.9 million new 
cases of colorectal cancer (9.8 % of all cancer cases) 
along with 935,000 deaths (9,2% of total cancer related 
deaths.), affecting both men and women [1]. Similarly, 
the american cancer Society expects 104,270 new cases 
of colon cancer and 45,230 new cases of rectal cancer, 



Molecular targets in crc 185

ACHAIKI IATRIKI October - December 2022, Volume 41, Issue 4

until now, the cornerstone in the treatment of early-
stage crc is the surgical resection of the tumor. however, 
surgery is rarely a curative option for almost 20-25% of 
patients that present initially with metastatic cancer 
or develop later metastatic disease. in these cases, 
radiotherapy, chemotherapy and most recently im-
munotherapy are implemented as treatment options. 

the heterogeneity of crc, regarding especially the 
distinct molecular profile that each tumor has, and 
therefore its unique clinical features, has generated 
the necessity to seek alternative treatments. focusing 
on molecular targets, these therapeutic strategies are 
mainly associated with predictive biomarkers, such as 
microsatellite instability (MSi), mutations in RAS (raS 
Proto-Oncogene, GtPase) and BRAF (B-raf Proto-On-
cogene, Serine/threonine Kinase) genes, amplification 
of HER2 (erb-B2 receptor tyrosine Kinase 2) as well as 
NTRK (neurotrophic receptor tyrosine Kinase) gene 
fusions and aim to achieve a prolonged survival rate 
for patients with crc with significantly less side effects 
than chemotherapy [4]. an alternative modern treat-
ment option of metastatic crc is the administration of 
immunotherapy and especially the immune checkpoint 
inhibitors which aim to reactivate the immune system 
response against cancer [5]. in this review, we present 
current knowledge regarding the molecular targets in 
the treatment of crc. 

Significant signaling pathways in colorectal cancer
the signaling pathway of the eGfr (epidermal 

growth factor receptor) has a central role in crc. the 
activation of eGfr triggers the activation of Pi3K (Phos-
phoinositide-3-kinase) and MaPK (Mitogen-activated 
Protein Kinase) signaling pathways, which constitute 
significant pathways for cell proliferation, growth and 
apoptosis inhibition [6,7]. eGfr is present on the cell 
membranes, while elevated expression levels can be 
found in neoplastic cells and moderate adenomas [8]. 
Studies have shown that 60-80% of colorectal tumors 
have overexpressed eGfr [9]. 

More specifically, eGfr, a member of the erbB fam-
ily of receptor tyrosine kinase, is a transmembrane 
glycoprotein with an intracellular domain functioning 
as a tyrosine kinase and an extracellular ligand-binding 
domain [10]. the erbB family consists of four erbB mem-
bers: erbB1 (eGfr/her1), erbB2 (neu/her2), erbB3 
(her3), and erbB4 (her4) [11]. after the ligand binding 
on the receptor, homo- or hetero-dimerization occurs, 
phosphorylation of the tyrosine kinase domains is trig-

gered, and the MaPK cascade is activated [10]. then, 
the next step of the signaling cascade is the activation 
of raS protein. there are three isoforms of ras GtPases 
(Guanosine triphosphate) including h-ras, n-ras, and 
K-ras [12,13].

the raS protein has two forms, the active GtP bound 
state, and the GdP (Guanosine diphosphate) bound state 
[14]. raf activation by phosphorylation is mediated by 
active raS leading to MeK/MaPK (Mitogen-activated 
protein kinase) activation as well as to phosphoryla-
tion and activation of erK (extracellular signal-related 
kinase) [15–17]. Phosphorylated erK translocates from 
the cytoplasm to the nucleus, as a transcription factor, 
phosphorylates and regulates various other transcription 
factors, including carbamoyl phosphate synthetase ii 
(cPS-ii) and p90rSK. the final result is the expression of 
target genes (e.g. c-FOS, c-JUN and myc) by the transcrip-
tion factors, leading to cell survival and growth [18,19].

Role of angiogenesis in colorectal cancer
angiogenesis is the process through which new vas-

cular networks originate and branch from pre-existing 
vessels. it takes place mainly during early embryo-
genesis, while in adults blood vessels rarely form new 
brunches, except in tissue repair or disease conditions, 
including cancer progression. it involves the migration 
of endothelial cells at the lead of growing vessels, lumen 
formation and the maturation of newly formed blood 
vessels through the recruitment of mural cells and the 
consolidation of cell to cell adhesion [20]. the rapid 
development of new vascular networks is necessary to 
support the progression of cancer and therefore sustain 
neoplastic growth, while these events also facilitate the 
dissemination of metastases [21]. the most important 
angiogenic regulators are the vascular endothelial 
growth factor (VeGf) and its receptors, which are over-
expressed in metastatic crc [22]. Other mediators of 
angiogenesis include platelet-derived growth factor 
(PdGf) and fibroblast growth factor (fGf) [23].

the VeGf family consists of five secreted glycopro-
teins (termed VeGf-a to -e) and the placenta growth 
factor (PiGf)-1 and -2, which bind, with different affinity 
and specificity, to three receptor tyrosine kinases (rtKs) 
on endothelial cells (termed VeGfr-1 to -3) [24,25]. 
VeGf promotes angiogenesis in several ways, which 
are mediated by intracellular signaling events initiated 
by the binding and dimerization of cognate receptors 
on endothelial cells. it has been shown that VeGf can 
induce vascular permeability through erK1/2 (extracel-
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cancer types, angiogenesis is not a determinant of cancer 
progression, anti-angiogenic treatment options show 
significant clinical activity [49]. Besides the reduction 
of tumor growth and inhibition of metastasis, they can 
also normalize vascular permeability and facilitate the 
delivery of chemotherapeutic agents, resulting in more 
effective cancer treatment [50].

the overall clinical benefit has been well established, 
even if it is slight. the two categories of medicines that 
target angiogenesis include monoclonal antibodies 
(mabs) and tiny chemicals, such as tyrosine kinase 
inhibitors (tKis) [51]. the mabs act by either directly 
binding to VeGf-a or blocking the appropriate recep-
tor’s extracellular binding domain. three mabs are 
used in clinical practice: bevacizumab, aflibercept, and 
ramucirumab. Bevacizumab is a humanized igG mono-
clonal antibody that binds to all isoforms of VeGf-a. 
aflibercept is a soluble decoy receptor that binds to 
VeGf and stops it from activating its native receptors. 
ramucirumab binds with a high affinity to the VeGfr-2 
extracellular domain, preventing VeGf ligands from 
binding and thereby blocking receptor activation. tKis 
work by binding to and inhibiting the kinase domains 
of a variety of receptors involved in the angiogenesis 
process [51,52].

angiogenesis can be targeted for the management 
of mcrc in any line of treatment. Bevacizumab has been 
combined with chemotherapy in both first and second 
line of treatment, while aflibercept and ramucirumab 
have been approved for second-line treatment. in ad-
dition, regorafenib (tKi) is used as monotherapy in 
patients with chemo-resistant illness [53,54].

Bevacizumab is the most widely used anti-angio-
genic inhibitor. Since monotherapy has a minor effect, 
it is frequently used with chemotherapy to improve 
efficacy as evaluated by the response rate (rr), progres-
sion-free survival (PfS), and overall survival (OS). it has 
been shown that when paired with chemotherapy, it 
outperforms the chemotherapy plus placebo [55–60]. 
Bevacizumab is used in conjunction with modern com-
bination therapies. it appears to be more effective with 
the triplet fOlfOXiri (folinic acid, 5-fluorouracil, oxali-
platin and irinotecan) than with fOlfiri (folinic acid, 
5-fluorouracil and irinotecan) alone [61]. after first-line 
treatment, bevacizumab is also effective when paired 
with chemotherapy [62–64]. unfortunately, there are 
no clinically validated biomarkers for predicting beva-
cizumab benefit. in addition, bevacizumab can cause 
vascular adverse effects, the most dangerous of which 

lular Signal-regulated Kinase 1/2) and aKt signaling 
pathways, thus creating a pro-angiogenic environment 
[26]. Moreover, VeGf leads to upregulation of the anti-
apoptotic Bcl2 protein through the Pi3K/aKt pathway 
and confers a survival signal to endothelial cells, while 
induces the secretion of key enzymes, such as metal-
loproteinases and other proteases, necessary for the 
migration and invasion of endothelial cells [27–29]. 

upregulation and secretion of VeGf in the tumor 
microenvironment are mostly driven by hypoxia, which 
is the result of insufficient vascular supply inside the 
growing tumor. the hypoxia-inducible factors (hifs) are 
upregulated during hypoxic conditions leading to the 
transactivation of angiogenesis-related genes (VeGf, 
PdGf-B) and cell proliferation (tGf-β) [30]. Besides 
hypoxia, hif proteins are also upregulated through 
specific oncogenic signaling effectors, including erK 
and PKa [31,32]. the production of VeGf can also be 
directly promoted by the activation of oncogenes, 
including KRAS, HER2, EGFR or members of the MaPK 
cascade, all of which can be found mutated in crc 
[33–36]. finally, VeGf expression can be mediated by 
several growth factors and cytokines, such as PdGf, iGf 
and prostaglandins [37–39].

tumor vascular networks demonstrate high degrees 
of heterogeneity and atypical morphological features 
compared to normal vasculature. they are characterized 
by excessive permeability, poor perfusion and disorgan-
ized vascular pressure due to vascular immaturity and 
mechanical forces applied on the vessels by the grow-
ing tumor [40,41]. these events result in hypoxic areas 
that drive cancer cells to acquire a more aggressive 
phenotype [42]. in addition, numerous studies have 
documented the role of angiogenesis in colon cancer 
progression and metastasis, since it provides a conduit 
for cancer cell dissemination [43]. in this vein, not only 
the VeGfr-VeGf axis, but also other mechanisms, such 
as notch signaling activation and e-selectin expression, 
are recruited [44,45]. Moreover, this heterogeneity has 
a direct impact on the efficacy of the available treat-
ment options. cells under hypoxic conditions are less 
sensitive to radiation, while insufficient blood supply 
of specific areas inside the tumor limits the delivery of 
chemotherapeutic agents and host immune cells trig-
gered by immunotherapies to target cancer cells [46–48].

targeting angiogenesis in colorectal cancer 
targeting angiogenesis is a major approach in cancer 

treatment. although in metastatic crc and most other 
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are gastrointestinal perforation, bleeding, and arterial 
thrombosis (<1% of patients). furthermore, proteinuria, 
hypertension, and leukopenia are also common side 
effects [65,66]. 

in addition, ramucirumab is an approved medication 
for the second-line treatment of mcrc. in comparison 
to fOlfiri alone, the combination of ramucirumab with 
fOlfiri increased PfS and OS but not response rate [67]. 
On the other hand, in a phase ii trial, it was discovered 
that adding ramucirumab to the fOlfOX (fluorouracil-
leucovorin-oxaliplatin) regimen did not improve PfS 
[68]. furthermore, aflibercept binds to VeGf-a more 
effectively than bevacizumab [69]. When combined with 
fOlfiri, aflibercept improves survival in patients who 
had previously progressed on an oxaliplatin-containing 
therapy [70]. in the first-line scenario, however, the com-
bination of aflibercept and fOlfOX did not produce any 
apparent improvement. as a result, aflibercept is used 
as a second-line crc treatment [71].

anti-angiogenic tKis have also been evaluated in 
people with mcrc. regorafenib is the only tKi that is 
used in the clinical practice of mcrc. cOrrect trial 
confirmed a survival benefit for regorafenib as mono-
therapy (median OS 6.4 months) compared to placebo 
group (5 months) [72]. a similar benefit over regorafenib 
(median OS 8.8 vs 6.3 months) was also confirmed in 
the cOncur phase iii clinical trial, in which only asian 
patients were recruited [73]. rash, fatigue, hand-foot skin 
response, anorexia and diarrhea are the most common 
adverse reactions in patients treated with regorafenib, 
and dose reductions are frequently required to manage 
regorafenib-related adverse events. a lower initial dose 
with a gradual dose increase has been proven in several 
trials to be an alternate, safe, and well-tolerated route to 
regorafenib administration, and this approach should 
be favored in daily practice [74,75].

RAS/RAf wild type and anti-EGfR therapies
the increased presence of the eGfr on cancerous 

tissue of the colon and rectum was detected about 35 
years ago [76]. Since then, great progress has been made 
in the understanding of its involvement in disease patho-
genesis, while two targeted biological agents have been 
approved and are widely employed in clinical practice. 

cetuximab and panitumumab represent the only 
approved anti-eGfr targeted therapies for metastatic 
colorectal cancer, with equivalent efficacy [77]. they 
are monoclonal antibodies that either bind extracel-
lularly and downregulate eGfr and, subsequently, its 

tumor-promoting signaling or induce cancer cell death 
by mediating antibody-dependant cytotoxicity (adcc) 
[78]. they also display a synergistic effect in combination 
with chemotherapy. in randomized controlled trials on 
the metastatic setting of colorectal cancer, cetuximab 
monotherapy increases overall and progression-free 
survival in chemotherapy pre-treated patients [79], while 
its addition to the pre-existing fluorouracil plus irinote-
can combination can be used as first-line to reduce 
progression risk [80]. Similarly, adding panitumumab to 
fluorouracil/leucovorin plus oxaliplatin results in longer 
progression-free survival [81].

Previous and ongoing research on other anti-eGfr 
strategies has yielded mixed results. eGfr tyrosine kinase 
inhibitors have been hypothesized to inhibit eGfr-regu-
lated pathways, as in the case of KraS-wt non-Small cell 
lung cancer (nSclc) [82]. their success however was not 
repeated in early trials of gefitinib plus chemotherapy 
[83,84], while erlotinib has been proven more promising 
in increasing survival in KraS-wt metastatic colorectal 
cancer [85], but these results were not consistent with 
those of other studies [86]. high toxicity was the com-
mon denominator among all studies [83–87].

eGfr itself is less important as a predictive marker 
of response and anti-eGfr therapies are indicated 
regardless of its degree of expression [88,89]. On the 
other hand, the absence of KraS mutations, especially 
in exon 2, is a prerequisite for the administration of 
anti-eGfr targeted therapy, which is otherwise not 
only ineffective [90,91] but has been shown to ex-
pedite terminal outcomes [81]. this is attributed to 
bypassing eGfr signaling and activating the raS/
raf/MaPK signaling pathway, enabled by the mutant 
variants [78]. Similarly, human epidermal growth fac-
tor receptor 2 (her2) amplification is associated with 
shorter progression-free survival [92], possibly due 
to the eGfr-independent downstream activation of 
Pi3K/aKt/mtOr and raS/raf/MaPK cascade or by 
heterodimerization with eGfr [93].

interestingly, the location of colon cancer is of prog-
nostic and predictive value. Based on data from the 
cryStal [80] and fire-3 [94] randomized controlled trials, 
patients with left-sided raS-wt metastatic colon cancer 
clearly benefit more from cetuximab plus chemotherapy 
in terms of response rates and survival than patients with 
right-sided tumors [95]. right-sided tumors generally 
have a worse prognosis regardless of the interventions 
used [96] and display different histopathological and mo-
lecular characteristics compared to left-sided tumors [97],  
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including less robust eGfr signaling, that could explain 
the inefficiency of anti-eGfr strategies.

KRAS as a target
as we mentioned above, raS is a protein family 

of 3 members KraS (Kirsten rat sarcoma virus), nraS 
(neuroblastoma raS), and hraS (hras Proto-Oncogene, 
GtPase) that have GtPase function at the signal trans-
duction of most growth factor receptors such as the 
eGfr [98]. RAS activating mutations and especially KRAS 
mutations are the most common genetic alterations in 
human carcinomas, accounting for almost one million 
deaths every year worldwide. it is found in about 40% 
of crcs and has an anatomic specificity to the more 
aggressive right-sided tumors as compared to left-sided 
ones that are more likely to have EFGR mutations [99]. 
Mutations mostly in codons 12, 13, 61 in the RAS gene 
result in different KRAS mutant alleles with the most 
common ones for crc being G12D, G12V, G13D, G12A, 
G12S, and G12C. the majority of the above mutations 
are caused by a single amino acid substitution. 

therapies targeting KraS would be very effective 
for colorectal malignancies but unfortunately creat-
ing such an inhibitor is rather difficult and none has 
yet been approved. for now, the only drugs inhibiting 
KraS directly are sotorasib (aMG510) and adagrasib 
(MrtX849). they bind to the P2 pocket of the switch i/ii 
region of KraS and lock it in its inactive form. Sotorasib is 
only approved for patients with advanced or metastatic 
nSclc positive to the KraS G12c mutation that have 
been previously treated with at least one other therapy 
[100]. currently, multiple clinical trials in phases i and ii 
examine the use of sotorasib in crc as well. Specifically, 
the codeBreak100 trial [101] ended up to the conclusion 
that by using sotorasib, malignancies can be controlled, 
and patients may benefit with up to 5.4 months of stable 
disease duration. the Krystal-1 trial [102] concluded that 
adagrasib can also have therapeutic effects on patients 
with crc, especially when combined with anti-eGfr 
treatments. another compound that is being studied 
is Bi-2852 that also binds at the same region of KraS 
G12c mutation making it unable to bind with SOS1 
and its effectors Pi3K and raf at different doses. Both 
MaPK and Pi3K/aKt pathways were blocked producing 
antiproliferative effects in mutant cells. these studies 
confirmed that KraS can be targeted directly and re-
search in that direction should continue.

a recent study came up with a SOS1 (Son of Seven-
less) inhibitor (Bi-3406) [103] that blocks the binding of 

SOS1 to raS when KRAS alleles G12 (especially G12D, 
G12V, and G12C) and G13D as well are present. as a 
result, raS cannot be activated leading to the block-
age of cell proliferation. the combination of Bi-3406 
with a MeKi also known as MaPKi (Mitogen-activated 
protein kinase inhibitor) i- trametinib was also tested. 
the discovery of this compound and other analogs like 
Bi 1701963 (phase i clinical trial nct04111458) show a 
very promising therapeutic potential.

B Raf Kinase (BRAf) as a target 
Braf protein is a member of a serine-threonine 

kinase family. raf kinases act mainly through phos-
phorylation and play an important role in many cellular 
processes, such as cell proliferation, differentiation and 
regulation of transcription. the proto-oncogene BRAF, 
which encodes the corresponding serine-threonine 
protein kinase, plays a critical role in the carcinogenesis 
not only of colorectal cancer, where it is mutated in 5% 
-8% of cases, but also in many other forms of the disease 
[104]. in particular, mutations in the gene can either be 
inherited or appear later in life and cause cancer [105]. 
Gene mutations show great diversity and many have 
been detected in large numbers (over 30) [106]. these 
can explain the development and progression of many 
malignancies. typical examples are melanoma, nSclc,  
colon cancer, papillary thyroid carcinoma, glioblastoma 
and astrocytoma [104,107,108].

Mutations may occur in different regions of the gene 
sequence. however, the most commonly identified 
mutations in colorectal cancer (and other malignan-
cies) involve the replacement of thymine by adenine at 
nucleotide 1799, leading to the replacement of valine 
(V) by glutamate (e) at code 600 [108]. this mutation 
typically affects women, older people, smokers and 
more often right colon cancers [106,109]. Obviously, this 
mutation can play a crucial role in patients’ prognosis 
and response to treatment. this is because it usually 
involves low-grade, advanced cancers that have already 
had lymph node metastases and perineural infiltration 
[109]. in addition, this mutation is associated in some 
studies with poor prognosis and may adversely affect 
patients with hepatic and pulmonary metastasectomy 
[107,110,111]. it is also negatively associated with the 
response to anti-eGfr agents [109]. Other mutations 
which have been found are G463e, G463V, G465a, 
G465e, G465V, G468a, d593V, f594l, etc. [112].

Before the era of Braf targeting, intensive chemo-
therapy combined with anti-VeGf therapies was the 
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most appropriate approach for patients with Braf-V600e 
[113]. however, during recent years, numerous of stud-
ies, which have evaluated different Braf inhibitors as 
well as different combinations, have provided adequate 
evidence regarding the clinical significance of Braf 
blockade in colorectal cancer. it is well documented 
that monotherapy with a Braf-V600e inhibitor doesn’t 
improve significantly response rates as well as that only 
simultaneously targeting at multiple steps provides 
clinically significant results. So, different combinations of 
Braf inhibitors with anti-eGfr monoclonal antibodies 
and/or MeK inhibitors seem to have achieved the most 
promising results. Briefly, according to the BeacOn trial, 
the combination of encorafenib (Braf inhibitor) and 
cetuximab with or without binimetinib (a MeK inhibitor) 
in pre-treated patients with metastatic crc improved 
clinical outcomes with a tolerable toxicity [114]. in ad-
dition, the use of vemurafenib (another Braf inhibitor) 
together with cetuximab and irinotecan in patients with 
metastatic crc has also showed positive results in terms 
of response to treatment and progression-free survival 
[115]. furthermore, G. Middleton et al. have reported that 
the dabrafenib-trametinib-panitumumab combination 
produces a relatively satisfactory response in patients 
with BM1 gene expression profile, which represents 
30% of all Braf-V600e mutant crc. these patients are 
characterized by increased potential for metastasis, 
activation of KraS/aKt (aKt Serine/threonine Kinase) 
signaling, stronger immune response and resistance 
to chemotherapy. On the other hand, in patients with 
BM2 disease (V600e mutation, deregulation of cell cycle 
control points, enrichment in metabolic processes), it 
was less beneficial [116]. Many other combinations have 
been studied or are under investigation, while other 
open questions are the best sequence strategy as well 
as the significance of the combination of target therapy 
with immunotherapy [113]. 

Microsatellite instability-high (MSI-H) tumors 
the dna replication mechanism is well conserved 

and maintained mainly due to the dna polymerase’s 
activity. however, the enzyme cannot always detect 
and repair its errors. in such a case, the MMr (mismatch 
repair) mechanism, among others, plays a crucial role 
[117]. throughout the human genome, there are many 
short repetitive loci of dna, called Strs (short tandem 
repeats) or microsatellites, which consist of one to six 
nucleotide repeats [118]. the term MSi refers to the 
presence of altered microsatellites’ length (either longer 

or shorter) due to a defective MMr mechanism caused 
by mutations or epigenetic changes in one of its funda-
mental genes such as MSh2 (MutS homolog 2), MSh6 
(MutS homolog 6), Mlh1 (Mutl homolog 1), PMS1 (PMS1 
protein homolog 1) and PMS2 (PMS2 protein homolog 
2) [119]. in 1997, the american national cancer institute 
(ncΙ) suggested the classification of MSi status based on 
the number of detected mutated loci. More specifically, 
five significant loci used as biomarkers (Bat 25, Bat 26, 
d2S123, d5S346, and d17S250) are being examined and 
tumor status is classified as follows: MSi-h (Microsatellite 
instability high) in the presence of two or more muta-
tions detected, MSi-l (MSi low) when there is one and 
MSS (Microsatellite stable) when there is none [120]. 

MSi is considered as a hallmark of lynch Syndrome 
(lS). approximately 90% of lS cases are characterized 
by germline mutations of MMr genes, inherited in an 
autosomal dominant manner. lS predisposes to carcino-
genesis at a younger age (before 50 years old) mainly of 
the colon, stomach and endometrium [121]. Screening 
of lS includes testing for MSi based on the amsterdam 
criteria [122] or the Bethesda Guidelines [123]. however, 
it is known that MSi does not take place early during 
tumorigenesis and only half of the colon adenomas 
examined will test positive [124], being indicative for lS 
since it is a rare finding in sporadic crc. MSi is relatively 
frequent in sporadic crc since 15% of the cases show 
deficient MMr (dMMr) mechanism. hypermethylation 
of the Mlh1 promoter constitutes the most common 
cause of dMMr sporadic crc. this epigenetic alteration 
is often combined with Braf V600e mutation but only 
in MSi-h sporadic crc. hence, when such a situation 
is identified, it contributes to the differential diagnosis 
between sporadic crc and lS [125].

the MSi-h phenotype appears to have distinctive 
clinicopathological and histological features compared 
to MSi-l and MSS. these tumors mostly arise in the 
proximal colon (right-sided location) and are charac-
terized by poor differentiation, high tumor infiltrating 
lymphocytes (tils) counts and mucinous cell type [126]. 
an early-stage diagnosed MSi-h crc has a favorable 
prognosis in comparison with MSS or MSi-l. Prominent 
lymphocytic infiltration of an MSi-h tumor suggests a 
high antitumor immune response leading to apoptosis, 
a result that probably explains the improved prognosis 
[127]. nowadays, the MSi status of a crc contributes 
to a more individualized selection of therapy. ribic 
et al. concluded that MSi-h crc do not benefit from 
fluorouracil-based adjuvant chemotherapy [128]. 
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Immunotherapy in microsatellite instability-high 
(MSI-H) patients

the three primary treatment methods of metastatic 
colorectal cancer (mcrc), surgery, chemotherapy and 
radiotherapy remain the standard of care but their 
benefits have already reached a plateau. therefore, it is 
urgent to develop a new effective therapeutic strategy 
to improve the survival outcome of cancer patients. 
at present, immunotherapy and targeted therapy are 
promising treatment strategies for crc, since they have 
the potential to provide improved therapeutic efficacy 
with limited toxicity. following the successful results of 
immunotherapy in other types of cancer, the interest 
in its use in crc is highly increased and continuously 
growing [129].the way immunotherapy fights cancer 
is by stimulating the immune system against tumors. 
there are several categories of immunotherapy for many 
cancer types: adoptive cell therapy, cancer vaccines, on-
colytic virus therapy, targeted antibodies, immunomod-
ulators, etc. to date, immunomodulators have already 
been approved by the food and drug administration 
(fda) for the treatment of patients with dMMr/MSi-h 
mcrc and seem to be the most promising solution. One 
of the main representatives of immunomodulators are 
immune checkpoint inhibitors (icis) which regulate the 
interaction between t cells, antigen-presenting cells 
(aPcs), and tumor cells to boost the release of sup-
pressed immune responses. icis target co-inhibitory 
receptors, such as programmed cell death protein 1 
(Pd-1) and cytotoxic t-lymphocyte-associated antigen 
4 (ctla-4) expressed on t-cells and other immune-cell 
subpopulations, or their ligands, such as programmed 
cell death protein 1 ligand 1 (Pd-l1) expressed on 
tumor cells and various immune cells [130]. the very 
high mutation rate in dMMr/MSi-h mcrc leads to the 
production and accumulation of hundreds of somatic 
mutations which results in a highly effective neoantigen 
presentation that attracts t-effector cells, such as cd8+ 
tils, t helper 1 (th1) cd4+ tils and macrophages, as well 
as immunosuppressive cells such as myeloid-derived 
suppressor cells (MdScs) and t-regulatory (tregs) cells. 
in addition, these tumor cells exhibit upregulation of 
several immune checkpoint regulators such as Pd-1, 
Pd-l1, ctla-4, lymphocyte activation gene 3 (laG3). 
that explains the high response rates and high sensi-
tivity observed in dMMr/MSi-h mcrc patients treated 
with icis [131]. 

Τwo early phase ii studies, KeynOte-016 and 164 
evaluated single-agent pembrolizumab (anti-Pd1) in 

previously treated dMMr/MSi-h mcrc. Patients in Key-
nOte-164 were divided into two cohorts, ≥2 (cohort a) 
or ≥ 1 (cohort B) prior lines of therapy (fluoropyrimidine, 
oxaliplatin, irinotecan, or anti-VeGf/eGfr). Pembro-
lizumab, at a flat dose of 200 mg every 3 weeks, was 
administered with a disease control rate (dcr) of 51% 
and 57% for cohorts a and B, respectively. the immune-
related objective response rate (Orr) was 33% (n=124) 
[132]. On the other hand, in KeynOte-016 patients were 
divided into three separate cohorts: dMMr/MSi-h crcs, 
pMMr/MSi-l crcs, and dMMr/MSi-h non-crcs, they 
were administered with a 10 mg/kg dose of pembroli-
zumab every 14 days. this study highlighted the different 
activity of pembrolizumab in crc based on MMr status; 
the PfS at 20 weeks was 78% in dMMr/MSi-h crc vs 
11% in pMMr/MSi-h crc and the Orr was 40% and 0%, 
respectively. an interesting point of this research was 
that the number of somatic mutations was significantly 
correlated with the chance of achieving response to 
therapy [133,134]. Pembrolizumab showed significant 
efficacy in the refractory setting following chemotherapy 
in patients with dMMr/MSi-h mcrc and was approved 
by the u.S. fda for this indication, in 2017.

KeynOte-177 is a phase iii, open-label trial, whose 
results led to the approval of pembrolizumab as mono-
therapy for the frontline treatment of patients with 
unresectable or metastatic, dMMr or MSi-h crc. in this 
study, investigators compared the efficacy of first-line 
pembrolizumab monotherapy (n=153) vs standard 
of care chemotherapy ± bevacizumab or cetuximab 
(n=154) in 307 patients affected by dMMr/MSi-h mcrc. 
Pembrolizumab was superior to standard chemotherapy 
in terms of PfS (median 16.5 months vs 8.2 months, 
hazard ratio 0.60, 95% ci, 0.45-0.80, p = 0.0002) with 
a lower rate of treatment‐related adverse events (aes) 
(G3‐5 aes 22% versus 66%). also, the Orr was 43,8% vs 
33,1% for pembrolizumab and chemotherapy, respec-
tively [135,136].

immune checkpoints have been found to be over-
expressed in dMMr/MSi crcs compared to pMMr/
MSS crcs [137]. then, combinations of monoclonal 
antibodies should be a solution to avoid primary resist-
ance of dMMr/MSi-h mcrc to pembrolizumab. the 
fda also approved nivolumab (anti-Pd1) either alone 
or in combination with low dose ipilimumab (anti-
ctla4), for patients with dMMr/MSi-h mcrc, based on 
the results of the checkMate 142 study. in this study, 
the researchers assessed the efficacy of nivolumab as 
first-line monotherapy (n=74) in comparison with the 
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combination of nivolumab with ipilimumab (n=119) and 
demonstrated very promising results, Orr 23% vs 55%, 
dcr 69% vs 80% and G3-4 ae rates 21% vs 32%, respec-
tively [138,139]. Several ongoing clinical trials investigate 
the impact of the combination of immunotherapy and 
chemotherapy in dMMr/MSi-h mcrc patients, such 
as the cOMMit study which has 3 treatment arms, 
atezolizumab (anti-Pd-l1) monotherapy vs fOlfOX + 
bevacizumab (anti-VeGf) vs atezolizumab + fOlfOX 
+ bevacizumab [140]. Similarly, checkMate 8hW is an 
ongoing study of nivolumab with or without ipilimumab 
or investigator’s choice chemotherapy in dMMr/MSi-h 
mcrc patients [141]. Moreover, avelumab (anti-Pd-l1) 
is investigated as an option in the second-line setting. in 
the SaMcO study avelumab is compared with standard 
of care in dMMr/MSi-h mcrc patients [142].

at present, many clinical trials investigate the efficacy 
of icis in combination with targeted therapies such 
as anti-VeGf drugs, anti-eGfr drugs, MaPK pathway 
inhibitors and multitarget kinase inhibitors. Moreover, 
the modulation of gut microbiota or fecal microbiota 
transplant seem to be promising options for boost-
ing immunotherapy, in patients with dMMr/MSi-h 
mcrc with secondary resistance to icis (nct03775850) 
[143]. Moreover, vaccination with frameshift peptides 
is one more option as a strategy to exaggerate pri-
mary or secondary resistance to icis in these patients 
(nct04041310) [144–146].

Human epidermal growth factor receptor 2 (HER2) 
as a target 

her2 amplification occurs in 5% of mcrc patients 
[147]. the clinical significance of her2 regarding its 
prognostic value in crc needs further clarification. 
early studies proposed a negative prognostic impact 
of her2 overexpression, but more recent trials didn’t 
confirmed the association between her2 amplification 
and outcome [148,149].

according to the Petacc3 adjuvant chemotherapy 
trial and the subsequent dna copy number & gene 
expression analysis, proximal carcinomas (ascending, 
hepatic flexure, transverse colon) were less likely to be 
her2 or eGfr amplified compared to distal carcinomas 
(splenic flexure, descending colon, rectum) [97]. her2 
amplification in mcrc is enriched in KraS, nraS, Braf 
and PiK3ca Wt tumors and is a resistance marker for 
eGfr antibody therapy [150]. her2 positive patients 
show more frequently lung metastases and higher tumor 
burden as well as her2 positive tumors were more likely 
to be left sided [151]. furthermore, her2 status is also a 
molecular predictive biomarker for anti-her2 targeted 
therapies (trastuzumab/pertuzumab or trastuzumab/
lapatinib) [152]. 

the clinical significance of her2 amplification re-
garding her2-targeted therapies in patients with mcrc 
has been confirmed in many clinical trials (figure 1). 
triuMPh was a phase ii trial, in which circulating tumor 

Figure 1. clinical trials in which anti-her2 treatments have been evaluated. 
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dna (ctdna) and simultaneously tissue her2 testing 
were used [153]. the aim was to recognize patients for 
dual-her2 blockade treatment with pertuzumab plus 
trastuzumab in patients with her2 amplification and 
raS wild-type. the outcomes of this investigation with 
pertuzumab / trastuzumab as a treatment in patients 
with chemorefractory raS-Wt disease (n=18) are Orr 
35% (tissue positive), 33% (ctdna-positive) and median 
progression free survival (mPfS) at 4 months. findings 
from the triuMPh study confirmed the usefulness of 
ctdna as a screening platform to select patients with 
her2-amplified mcrc who will benefit from dual-her2 
blockade with trastuzumab and pertuzumab. the draw-
backs of triuMPh are the small sample size and the use 
of a registry control arm [153]. 

in heracleS-a trial, fluorescence in situ hybridization 
(fiSh) and immunohistochemistry (ihc) were used. in 
this study, the above diagnostic algorithms were utilized 
to screen her2-positive tumors for therapeutic target-
ing. More specifically, few patients had histologically 
confirmed KraS-Wt exon 2 (codons 12 and 13) and 
her2-positive mcrc. dual her2 blockade with the 
combination of trastuzumab and oral lapatinib until 
disease progression or toxicity were investigated. the 
outcomes were Orr 28%, mPfS at 4.7 months in patients 
with increased gene copy number (Gcn) > 9.5 and 3.7 
months in patients with her2 Gcn <9.5 with median OS 
10.0 months. the long-term (6.7 years) follow-up analysis 
of heracleS-a provides strong evidence that the ad-
ministration of trastuzumab and lapatinib combination 
in KraS wild-type, chemorefractory her2-positive mcrc 
patients provide survival as well as clinical benefits [154].

another significant study was heracleS-B study, 
which evaluated a targeted approach with a combina-
tion of pertuzumab and trastuzumab-emstasine (t-dM1) 
[155]. it was a single-arm, phase ii trial in which patients 
with raS/Braf wild-type (n=31), her2-amplified mcrc 
and refractory to standard treatments (chemorefrac-
tory) were enrolled. diagnostic algorithms similar to 
that of heracleS a were also used. at data cut-off, the 
Orr was 9.7%, the mPfS was 4.1 months and disease 
control rate 77.4%. although, heracleS-B trial did not 
reach its primary end point of Orr, low toxicity as well 
as high disease control rate support its therapeutic 
potential [155].

in addition, in MyPathway trial, which is a multiple 
basket, open-label, phase iia study, pertuzumab in 
combination with trastuzumab was assessed in patients 
with her2-amplified chemorefractory mcrc. Orr was 

32%, mPfS 2.9 months and mOS 11.5 months. this trial 
confirmed the crucial role of her2-targeted treatment 
with pertuzumab/trastuzumab and a chemotherapy-
free regimen in patients with her2-positive mcrc as 
well as the importance of molecular testing in colorectal 
cancer [156]. 

two other studies also confirmed the role of anti-
her2 targeting in the management of mcrc. firstly, 
MOuntaineer was a phase ii trial in which tucatinib 
and trastuzumab was studied in patients with chem-
orefractory raS-Wt disease. interim analysis showed 
a Orr 52.2%, mPfS 8.1 months and mOS 18.7 months 
[157]. in addition, deStiny-crc01 was a phase ii trial in 
which the safety and antitumour activity of trastuzumab 
deruxtecan was investigated [158]. Patients with raS 
and Braf wild-type tumors and disease progression on 
two or more prior regimens (n=78) were enrolled into 
three cohorts according to the her2 expression level 
(a, B, c classification with the assistance of ihc, iSh). the 
Orr in cohort a was 45.3%, (43.8% in patients who had 
previously received her2-targeted therapy), dcr was 
83%, mPfS 6.9 months while mOS wasn’t reached. in 
addition, no responses were observed in cohorts B and 
c. this study showed that trastuzumab deruxtecan has a 
durable activity in her2-positive mcrc refractory com-
pared to standard treatments with a safe profile [158].

ΝΤRΚ fusions in metastatic colorectal cancer
it is known that NTRK1, NTRK2 and NTRK3 genes en-

code the family of tropomyosin receptor kinases (trK) 
trKa, trKB, trKc, which are important for the neural 
system’s normal development. When a nerve growth 
factor (nGf) is attached to a trK protein, then the lat-
ter gets dimerized, phosphorylated and it activates 
the Pi3K, raS/MaPK/erK and Plc-gamma signaling 
cascades. alterations of the NTRK genes have been 
detected in many types of adult and children’s solid 
tumors. Some examples of malignancies, in which NTRK 
gene rearrangements have been identified are thyroid 
[159], gliomas [160], lung [161] and colon [162] tumors.

although the prevalence of NTRK gene alteration 
in colorectal cancer is below 1% - actually it is esti-
mated that the incidence is between 0.23-0.97%- it is 
really important to identify these patients [163]. the 
detection of NTRK gene fusions can be identified by 
next Generation Sequencing (nGS) with the use of 
rna or dna samples of the patient or by fiSh. in 1986 
the “TPM3-TRK” oncogene was found in a patient with 
colorectal cancer as a result of an intrachromosomal 
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rearrangement at 1q22-23. that leads to the fusion of 
the tropomyosin 3 gene (TPM3) with a sequence that 
encodes both transmembrane and intracellular parts 
of trK receptor [164].

larotrectinib was the first trK inhibitor approved by 
fda in november 2018 in the uSa.  alexander drilon 
and his team demonstrated through their clinical trial 
that larotrectinib is efficient in adult and pediatric solid 
malignancies with NTRK fusions. in this clinical trial, 55 
patients with NTRK positive tumors were treated with 
larotrectinib, which is an orally administered small 
molecule that shows high affinity to the trK receptor, 
without affecting other types of kinases. the Orr in 
this trial was 80% according to investigator’s assess-
ment and 75% according to central assessment. 13% 
of the patients had complete response (cr), while 62% 
showed partial response (Pr). there were 4 patients 
with metastatic colorectal cancer and three of them 
responded to the treatment: two showed partial re-
sponse and the other’s disease remained stable. the 
median period of response was estimated to be 1.8 
months. however, there were patients with primary 
resistance to larotrectinib, as well as patients who had 
progressive disease and, as a result, new mutations 
that produced larotrectinib resistance appeared. More 
specifically, these mutations were in the front position 
(ntrK1 G595r or ntrK3 G623r;), gatekeeper position 
(ntrK1 f589l;) and the xdfG position (ntrK1 G667S 
or ntrK3 G696a;) [165].

entrectinib is also a 1st generation trK inhibitor, 
orally administered, but unlike larotrectinib that targets 
exclusively the trK receptor, it is a pan-kinase inhibitor. 
that means that it also targets alK and rOS1 proteins 
[166]. according to clinical trials, entrectinib was proven 
to be well tolerated, while it caused clinically important 
response in patients with solid tumors characterized 
by NTRK positive fusion. entrectinib showed efficacy 
in patients independently of whether they had central 
nervous system metastasis or not. Blinded independent 
central review (Bicr) showed 57.4% Orr and at the 
same time, 7.4% was cr. the median period of response 
was estimated to be 10.4 months [167].

loxo-195 and repotrectinb constitute the 2nd genera-
tion of trK inhibitors and they were designed to target 
these mutations that are resistant to larotrectinib and 
entrectinib. loxo-195 is selective to all three trK kinases, 
their alterations and the acquired resistance mutations 
not only at preclinical level, but also in patients. a promis-
ing new therapy for patients with NTRK mutation starts 

with larotrectinib and is followed by lOXO-195 after the 
acquired resistance mutations appear. the target is to 
prolong the time period, during which the disease is 
under control [168]. 

CoNCLUSIoNS
during recent years, there is a plateau regarding the 

advances in the treatment of metastatic crc compared 
to the advances in other solid tumors. Obviously, a better 
understanding of the underlying molecular mechanisms 
will lead to better characterization and exploitation of 
emerging new targets thus improving the management 
and treatment of crc.
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Acoustic biosensor: A brief review
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Abstract
recently, the need for the rapid and accurate detection of different biological substances has led to the rapid devel-
opment of a wide variety of biosensors. this has resulted to the development of biosensors and their applications 
across several domains, such as biotechnology, disease diagnosis, drug detection and food control. the technologi-
cal progress of integrated reading circuits has led to the creation of small-scale bioremediation devices with high 
accuracy, fast response time and the ability to control real-time biomolecular interactions. therefore, the heyday of 
electronic circuits and the design of detection devices contributes to the progress and the study of applications of 
interdisciplinary interest.
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a biological system (cells, tissues).
thus, biosensors are divided based on the type of 

bio-receptor, into biogenic, where the bio-receptors 
have either antibodies or nucleic acid samples, and 
into biocatalysts, where the bio-receptors have a cell, 
enzyme, or tissue. Most transmission mechanisms are 
either optical or electrochemical based on mass, i.e., 
piezoelectric. in addition, electrochemical detection 
is based on the chemical properties of the specific 
substances which are present in a solution (analyzers) 
and are measured compared to a reference electrode. 
By selecting the mass-based detection method, the 
change in the frequency of the piezoelectric crystal, 
which depends on the mass of the crystal and the fre-
quency of the applied electrical signal, provides useful 
information.

Biosensors are categorized based on the type of 
inverter in: electrochemical (ammeter, potentiomet-
ric, conductivity), optical (fiber optic, surface plasmon 
tuning, fluorescent), calorimetric (heat-conducting, 
isothermal, iso-environmental) and acoustic (surface 
acoustic wave, piezoelectric).

Acoustic Biosensors: Definition & function
electroacoustic biosensors function by detecting a 

change in mass density, due to the elastic, electrical or 

INtRoDUCtIoN
a biosensor is a complete device that is independ-

ent and capable of displaying specific quantitative 
or semi-quantitative analytical information, using a 
biochemical receptor, i.e., a biological identifier that is 
in direct contact with a converter element. in 1969 the 
first potentiometric biosensor was built by Guilbault 
and Montalvo. Subsequently in 1980, the optical biosen-
sors revolution began with the construction of the first 
fiber optic sensor for the in vivo detection of gases in 
the blood (Peterson). in 1983 the first surface plasmon 
resonance (SPr) immunosensor was produced and, in 
1984 the first ammeter-mediated biosensor: ferrocene 
is used with glucose oxidase to detect glucose [1].

analyzing the functional parts of a biosensor, we first 
encounter the bio-receptor which is integrated into a 
converter element, which converts the measured ele-
ment into an output signal. a bio-receptor is a biological 
or biologically derived sensory element that typically 
uses certain types of molecules to identify biochemicals, 
such as enzymes, antibodies, nucleic acids, proteins, or 
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dielectric properties of a membrane. this membrane 
consists of chemically interacting materials which are in 
contact with a piezoelectric material. in 1880 the curie 
brothers discovered the piezoelectric effect, named 
after henkel in 1881 and used in 1921 by cady [2]. in 
piezoelectric sensors, when alternating voltage is ap-
plied, mechanical waves will be generated which will 
propagate through the substrate and will be converted 
back into an electric field which will be recorded as an 
electrical signal.

exploiting elastic or acoustic waves is a modern 
challenge that could offer great opportunities for 
evolving technological applications [3]. acoustic waves 
are longitudinal or transverse in the direction of their 
propagation and are characterized by surface or vol-
ume according to the dimensions of the instrument 
in which they propagate [4]. acoustic sensors are 
divided into two categories depending on the type of 
wave they are operating. these are the BaW (volume 
wave based) acoustic sensors and the SaW surface 
acoustic sensors.

in acoustic volume sensors, the energy of the wave 
is diffused throughout the volume of the material 
to which it propagates, which is why these sensors 
are characterized by lower sensitivity. in contrast, in 
acoustic surface sensors, surface waves limit all their 
energy to the surface of the material to which they 
propagate, resulting in a higher sensitivity [4,5]. as 
the wave propagates, the surface of the sensor and 
any mass on it will oscillate simultaneously and thus 
an acoustic wave will be generated simultaneously. 
these changes depend on both the frequency at which 
the sensor oscillates and the type of the sensor. as a 
rule, increasing the operating frequency produces 
greater acoustic changes. When operating in an aquatic 
environment, the liquid in contact with the surface 
will oscillate following its movement, thus creating a 
damping acoustic field on the surface between liquid 
and solid (figure 1) [6].

Applications
the need to study the interactions with other biologi-

cal boundaries led to the creation of applications that 
involve the development of membrane bilayer models 
on surfaces. Other applications provide information on 
the kinetics of the interactions [7]. recently, a class of 
love type sensors was constructed which were designed 
to immobilize on their surface [8]. tangibles specifically 
recognize a protein that is associated with blood clot-

ting, thrombin and is a target for therapeutic agents.
Over the last decade, significant applications of 

piezoelectric biosensors have emerged, such as the reli-
able and rapid detection of the hepatitis B9 virus. at the 
same time, there were cases of coupling of biosensors 
with other techniques such as atomic force microscopy, 
surface plasma tuning, and fluorescence microscopy in 
an attempt to increase their sensitivity and resolution [9].

in general, the number of commercially available 
instruments has increased significantly with the aim 
of developing sensors to study virtually any type of 
receptor-analyte interaction. the great challenge lies in 
the development of methods that combine biotechnol-
ogy with the science of chemistry, biology, and physics 
for the simultaneous, multiple and needless labeling 
analysis of various bio-critical interactions in each area 
of modern research.
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The role of B cells in the pathogenesis  
of autoimmune diseases

Stamatis-Nick Liossis, foteini Angelopoulou

Abstract
B lymphocytes are the effector cells of humoral immunity. their multifaceted role spans from antibody and cytokine 
production to antigen presentation and t cell activation. disturbances in their developmental pathways can have 
detrimental consequences as demonstrated by the complex molecular and clinical phenotypes of several autoimmune 
diseases. in recent years, the antibody-independent role of B cells in conditions classically thought of as t cell medi-
ated has been supported by the successful implementation of B cell depletion therapies. herein, we review the role 
of B cells in three autoimmune diseases: Systemic lupus erythematosus, rheumatoid arthritis and Systemic Sclerosis.
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where they mature and become activated via interac-
tion with antigens. in 2002 a new B cell population was 
described, characterized as regulatory B cells, capable of 
producing the anti-inflammatory il-10 [6].  this subset 
was able to suppress inflammatory responses in experi-
mental murine models of collagen-induced arthritis and 
autoimmune encephalitis [7,8]. a critical step in B cell 
development is the B cell receptor generation. this is 
achieved by a complex process involving continuous 
gene segment rearrangement of the ig heavy and light 
chain loci. B cells have the ability during their develop-
ment to rearrange the V, d and J gene segments in the 
heavy chain locus and V, J gene segments in the light 
chain locus [9-11]. this mechanism is utilized in class 
switching and affinity maturation of B cell receptors. an-
tigen receptor gene rearrangement ensures diversity in 
the receptor repertoire of B cells and therefore sufficient 
immunity against a variety of different pathogens, such 
as viruses, bacteria etc.  it is also one of the mechanisms 
employed to avert self-reactive cells. taking into account 
the wide variety of the produced antigenic receptors 
that guarantee an adequate immune response, it is 
only logical and statistically probable that a portion of 
them would recognize self-antigens.  in order to avert 
self-reactivity a network of sophisticated mechanisms 
is employed for the silencing of self-reactive B cells. 
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B CELL DEVELoPMENt AND MAtURAtIoN
the first indication of the existence of a cell popula-

tion charged with antibody production was given by 
von Behring and Kitasato in 1890 when they remarked 
that circulating “antitoxins” where important for tetanus 
and diphtheria immunity [1]. it was nearly 80 years later 
that Max cooper and robert Good using a chicken ani-
mal model proved that cells derived from the bursa of 
fabricius (the chicken equivalent of bone marrow) were 
responsible for antibody production while a different 
population of cells derived from the thymus mediated 
delayed-type hypersensitivity responses [2]. Since then, 
B lymphocytes have been the object of exciting research.

there are three well-characterized subpopulations 
of B cells. B1 cells that are produced in the fetal liver, 
have a distinct developmental process, self-renewing 
ability and are responsible for the majority of natural 
antibody production [3-5]. they have innate-like features 
and home mainly in the pleural and peritoneal cavity. 
B2 cells that are derived from multipotent hemopoi-
etic stem cells in the bone marrow and subsequently 
migrate to secondary lymphoid organs (lymph nodes) 



204 Stamatis-nick liossis, foteini angelopoulou

ACHAIKI IATRIKI October - December 2022, Volume 41, Issue 4 

Self-reactive B cells can be silenced either during their 
development in the bone marrow (central tolerance), 
or during their maturation and activation in peripheral 
lymphoid organs (peripheral tolerance). central toler-
ance is ensured by three mechanisms: clonal deletion, 
clonal anergy and receptor editing. the strong recogni-
tion of a self-antigen present at a high concentration 
in the bone marrow induces either cellular death by 
apoptosis (clonal deletion) or a light chain recombina-
tion resulting in a new, possibly not self-reactive recep-
tor (receptor editing).  the inability to exert effector 
functions (clonal anergy) is induced by Bcr activation 
without concurrent co-stimulatory receptor activation. 
about 20% of moderately auto-reactive B cells still man-
age to migrate to the periphery, where they become 
anergic or undergo cellular death (apoptosis) [12,13]. 
When immune tolerance is breached, interaction with 
the correspondent self-antigens initiates an inflam-
matory response and its consequences, destruction of 
healthy tissues and organs. B cells are the driving force 
in five pathological processes involved in autoimmunity: 
autoantibody production, processing and presentation 
of autoantigens to autoreactive t-cells, inflammatory 
cytokine production and development of ectopic ter-
tiary lymphoid structures.

in this paper we aim to summarize the direct and 
indirect role of B cells in three autoimmune disorders: 
systemic lupus erythematosus, rheumatoid arthritis 
and systemic sclerosis.

SYStEMIC LUPUS ERYtHEMAtoSUS
Systemic lupus erythematosus (Sle) is considered 

as the model for systemic autoimmunity. it is a multi-
factorial disease associated with significant morbidity 
and mortality and up today presents a therapeutic chal-
lenge for the practicing physician. it primarily affects 
women of child-bearing age, of hispanic and african 
american ancestry, and its clinical presentation can be 
highly heterogenous, affecting multiple systems [14]. de-
spite its varying phenotype and multiple hypothesized 
pathophysiological pathways involved, intrinsic B cell 
dysregulation appears to be a common denominator 
in both human and animal models.

the extensive repertoire of (auto) antibodies against 
a multitude of self-antigens is a hallmark of the con-
dition, with antinuclear antibodies being an almost 
universal characteristic [15-17].  Of note, anti-dsdna 
and anti-Sm antibodies to this day remain part of the 
acr criteria for Sle diagnosis [18].  a portion of these 

autoantibodies exert a well-established pathogenetic 
role and are directly linked to specific clinical manifesta-
tions and phenotypes of the disease.

autoantibodies against antigens of red blood cells 
may cause autoimmune hemolytic anemia [19,20].  
certain anti-dna antibodies cross react with nMda 
receptors in the central nervous system and are able 
to breach the blood-brain barrier causing neuronal 
cell death in murine models [21]. in Sle patients, anti-
nMda-r antibodies have been associated with neu-
rocognitive defects [22]. When anti-ro antibodies are 
present in the sera of pregnant Sle patients, they can 
cause congenital heart block in approximately 2% of 
neonates [23]. antibodies against phospholipids and 
β2-glycoprotein are associated with thrombotic events 
and recurrent miscarriages, a clinical entity known as 
antiphospholipid syndrome [24].  

autoantibodies also yield their noxious capacity via 
the formation and deposition of immune complexes.  
One of the most severe and life-threatening manifes-
tations of Sle, lupus nephritis, could be instigated by 
the deposition of immune complexes and subsequent 
inflammatory cascade and tissue injury [25-27]. While 
evidence to fully delineate the multifaceted role of B cells 
in human Sle is circumstantial and occasionally con-
tradictory, animal model studies provide considerably 
more consistent results. Murine models particularly have 
been crucial in underscoring the antibody-independent 
functions of B cells in autoimmunity. Mrl/lpr mice 
are a model for systemic autoimmunity with a clinical 
phenotype resembling Sle and similar antibody profile, 
with anti-ds dna antibodies.  in 1994, Schlomchik et al 
proved that when made B cell deficient, these mice did 
not exhibit any sign of autoimmune glomerulonephritis 
or vasculitis, and as expected, lacked autoantibodies. 
additionally, t cell activation was remarkably diminished, 
highlighting the necessity of B cell-t cell interaction for 
optimal cellular immune responses [28].

chan et al later used the same murine model to 
demonstrate that when B cells were genetically engi-
neered to express surface ig but not secret soluble im-
munoglobulins, disease expression was not attenuated, 
with the mice developing severe nephritis and vasculitis, 
providing further proof that antibody-independent B 
cell functions contribute to disease expression [29]. in 
an attempt to further elucidate the mechanisms behind 
the breach of immune tolerance, characterization of the 
surface molecular phenotype of B lymphocytes became 
of great interest, thus providing invaluable information 
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the pivotal role of B cell dysregulation in the cellular 
and molecular events leading to the eventual presen-
tation of lupus is showcased by the central role of B 
depletion therapies in our therapeutic armamentarium 
in recent years.  despite the failure of large clinical trials 
to exhibit therapeutic effect [51], rituximab, an anti-
cd20 monoclonal antibody is, to this day, successfully 
used in life-threatening presentations and refractory 
disease. further investigation into the aberrant devel-
opmental pathways and infringement on self-tolerance 
checkpoints of B cells is required in order to guide 
individualized treatment and minimize adverse events.

SYStEMIC SCLERoSIS
Systemic sclerosis (SSc) is an heterogenous systemic 

autoimmune disease characterized by the excessive 
production and deposition of extracellular matrix in 
the skin and visceral organs such as the oesophagus, 
lower gastrointestinal track, heart and lungs, resulting 
in phenotypic variation [52].  autoantibodies is a central 
feature of the disease, with antinuclear antibodies being 
present in >90% of patients [53]. hypergammaglobu-
linemia and polyclonal B cell hyperactivity have also 
been well documented laboratory characteristics of SSc 
patients [54]. a direct link between autoimmunity and 
fibrosis, however, is yet to be discovered. autoantibodies 
associated with SSc include anti-topoisomerase i abs, 
anti -rna polymerase abs, anticentromere antibodies 
or anti-th/to ab [55,56]. however, autoantibodies have 
not been directly linked to fibrosis. this finding is sup-
ported by the two most accurate mouse models for SSc 
at our disposal, the tight skin (tSK/+) mouse and the 
Bleomycin (BlM) treated mouse. the tight skin mouse 
is the product of a tandem mutation in the fibrillin-1 
gene resulting in a fibrotic phenotype resembling SSc, 
with subcutaneous inflammatory infiltration and fibrosis 
and lung emphysema [57].

Bleomycin is an antibiotic used widely as a chemo-
therapeutic agent that, when injected subcutaneously in 
mice, causes lung fibrosis, dermal inflammatory infiltra-
tion and fibrosis as well as autoantibody production [58]. 
a recently described feature of SSc is the expansion of 
naive B cell populations while memory B cells as well as 
plasmablasts/ plasma cell precursor populations are di-
minished due to enhanced apoptosis. however, despite 
their reduced number, SSc memory B lymphocytes were 
found chronically activated in vivo, with an increased 
capacity to produce autoantibodies [59].

B regulatory cells, a subpopulation that produces 

about peripheral blood composition of B cell subsets. 
firstly, there seems to be an expansion of plasma and 
memory B cell compartments, while peripheral naive B 
cells are consistently reduced [30-33].  circulating plasma 
cell levels have also been strongly associated with dis-
ease activity and anti-dsdna antibody titers [34]. Of 
note, the fcγriib inhibitory receptor is underexpressed 
in Sle memory B cells, leading to a lower threshold of 
reactivation and ensuing differentiation into antibody 
secreting cells [35].

regulatory B cells have also been found functionally 
impaired, unable to suppress t helper cell proliferation 
in Sle. While murine models suggest reduced levels of 
il-10 as the resulting malfunction of regulatory B cell 
impairment [36,37], human studies indicate that il-10 
enhances rather than suppresses disease expression, 
thus creating yet another conundrum [38-40].

a recently discovered subset of B cells, referred to as 
age related B cells (aBcs) has been the focus of great 
interest. aBcs were initially thought of as an antigen-
experienced, exhausted phenotype associated with 
normal senescence and inflammation such as autoim-
munity and infections [41-44].  exhaustive studies have 
further classified the nature of these cells, depending 
on surface marker expression and transcriptional sig-
natures. Specifically, cd11hitbet+ B cells, a population 
expanded in Sle but not healthy elders, shares many of 
aBcs key features, such as their antigen presentation 
capacity and their ability to differentiate into antibody 
secreting cells [45,46]. interestingly, the expansion of 
this population has also been associated with increased 
disease activity scores and antinuclear antibody titers 
[45]. further studies are required to illuminate their 
cryptic role, origin and developmental pathways.

the immunopathogenic role of B-cell derived cy-
tokines has also been extensively studied in lupus, 
offering useful insights into the complex pathways 
leading to the breach of self-tolerance. aberrant il-6 
production by lupus B cells drives their terminal dif-
ferentiation into antibody secreting cells and induces 
further il-6 production, creating a positive feedback 
loop [47]. Supporting this finding, il-6 receptor blockade 
significantly suppresses auto-antibody secretion in hu-
man lupus B cells, while lupus-prone mice treated with 
anti-il-6 monoclonal antibodies display substantially 
mitigated kidney disease and antibody production [48].  
il-4, il-21, ifn-γ, tGf-β and lymphotoxin α produced by 
B cells also exert pathogenic roles in the propagation 
of inflammation and tissue injury [49,50].
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the anti-inflammatory il-10, were also shrinked, and 
serum il-10 levels reduced compared to healthy con-
trols [60]. another well described phenotypic change 
in peripheral SSc B cells is the over expression and 
increased phosphorylation of the positive signal modu-
lator cd19 [61,62]. cd19 is a transmembrane protein 
widely expressed in all stages of B cell development 
that can decrease the threshold for Bcr activation [63]. 
When cd19 expression was studied in tSK/+ mice it was 
found unaltered compared to wild type mice.  however, 
cd19 phosphorylation was indeed increased and cd19 
mediated intracellular signaling was enhanced early in 
B cell activation leading to the conclusion that tSK/+ 
mice B cells are indeed chronically activated [64,65]. 
additionally, cd19 loss in tSK/+ completely abrogated 
hypergammaglobulinemia and autoantibody produc-
tion, while it ameliorated skin fibrosis [64]. additionally, 
cd22, a negative regulatory molecule that increases the 
threshold for B cell activation preventing aberrant im-
mune responses, is under-expressed in SSc B cells [65].

cytokine production, another important capacity, 
also appears to be impaired in systemic sclerosis, with 
overwhelming evidence supporting the overproduction 
of pro-inflammatory, profibrogenic cytokines such as 
il-6 and tGf-b. increase of the pro-inflammatory il-6 in 
the sera of patients with systemic sclerosis, compared 
to healthy controls has also been well documented and 
is associated with the extend of dermal fibrosis [66,67]. 
finally, direct B cell-fibroblast interaction has also been 
described. it has been proven by in vitro experiments, 
that direct B cell-fibroblast contact is needed for the 
stimulation of fibroblasts and the excess production 
of collagen. lastly, the effectiveness of B cell deple-
tion therapies in the treatment of systemic sclerosis, 
especially lung involvement, is a testament to the true 
extent of B cell involvement in SSc pathogenesis [68].

RHEUMAtoID ARtHRItIS
rheumatoid arthritis (ra) is an autoimmune disease 

characterized by symmetric inflammatory polyarthritis 
leading to progressive bone and cartilage erosion, that 
can often be accompanied by extra-articular manifesta-
tions, such as subcutaneous rheumatoid nodules, sicca 
syndrome, peripheral neuropathy and pulmonary inter-
stitial fibrosis. its pathogenesis is complex and driven by 
many simultaneous pathological processes [69]. Many 
immune cells such as t lymphocytes, macrophages and 
B cells are involved in the synovial inflammatory process.

B cells were first implicated in the pathogenesis 

of ra as the producers of the autoantibodies rf and 
anti-ccP, that have served as excellent diagnostic and 
predictive biomarkers [70].  rheumatoid factor is an au-
toantibody against the fc portion of igG and anti-ccPs 
are directed against peptides and proteins that have 
been post-translationally modified by a process called 
citrullination. citrullination is the conversion of arginine 
into citrulline by a cluster of enzymes called arginine 
deiminases [71]. although rf is not exclusive to ra and 
can present in other autoimmune diseases, infections 
as well as approximately 10% of healthy individuals, 
high titers of rf have been associated with clinically 
and radiographically more severe disease, functional 
impairment and extra-articular manifestations [72]. a 
wide variety of other autoantibodies have since been 
associated with ra including but not limited to antibo-
dies against type ii collagen, immunoglobulin-binding 
protein, rheumatoid arthritis- associated autoantigen 
hnrnP-a2 (ra33), glucose-6- phosphate isomerase 
(GPi), and calp statin [73-76]. despite the fact that 
their contribution to synovial inflammation has been 
elegantly demonstrated in animal models, such as the 
collagen-induced arthritis murine model and the K/B-n 
model, it still remains unclear in human disease [77].

as we have already mentioned, B cells serve as 
excellent antigen-presenting cells, especially in low-
concentration antigens. Specifically in ra, rf+ B cells 
take up rf-containing immunocomplexes via their 
antigenic receptors and proceed to process and present 
antigens to t helper cells, thus orchestrating a stronger 
and more effective adaptive immune response [78].  B 
cells are also thought to be crucial for synovial lympho-
neogenesis. ectopic follicle-like synovial structures rich 
in B cells, t cells, macrophages and fdcs with a follicle-
like architecture and germinal centers have been found 
in approximately 25% of ra patients. takemura et al 
studied synovial biopsies from ra patients undergo-
ing joint replacement surgery [79]. they were able to 
distinguish three distinct patterns: diffuse infiltration of 
B cells, t cells, dendritic cells and macrophages lacking 
structure, B- and t-cell infiltrates resembling secondary 
follicles with germinal centers and B-, t- cell aggregates 
lacking germinal centers. furthermore, they found 
actively proliferating B cells and follicular dendritic cell 
networks only in the aggregates containing germinal 
centers. Similarly, humby et al also found three histo-
logical patterns a lympho-myeloid pattern with a B cell 
predominance, a diffuse myeloid-lineage infiltration 
pattern with low B cell counts and a pauci-immune with 
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a prevalent stromal cell presence [80]. in addition to 
the aforementioned autoantibody production, antigen 
presentation and contribution to lymph neogenesis, B 
cells also produce cytokines that propagate the inflam-
matory process such il-6, il-10 and lymphotoxin β, 
providing a positive reinforcement circuit for optimal 
t-cell/macrophage activation [81]. although, their role 
is not fully elucidated, the successful treatment of ra 
with B cell depletion therapies is a strong indicator that 
B cells are one of the driving forces behind the aberrant 
synovial immune response.

CoNCLUSIoN
B cells were brought to the spotlight as the producer 

cells of antibodies. their role however, proved to be 
substantially more intricate.  that is masterfully demon-
strated by the catastrophic results of the disruption of 
their homeostasis (table 1). their functional repertoire 
spans from antigen presentation and t cell activation 
to pro- and anti-inflammatory cytokine production. 
their study continues to yield exciting new results. 
B lymphocyte dysregulation has been discovered in 
classically considered t cell mediated autoimmune 
diseases, something that is highlighted by the successful 
implementation of B cell depletion therapies. 
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Treatment evolution of Systemic Lupus 
Erythematosus

Chrysanthi Staveri

Abstract
Systemic lupus erythematosus (Sle) is a chronic multisystem autoimmune disease with diverse clinical manifes-
tations ranging from mild to severe or even life-threatening.  the purpose of this review is to summarize data on 
Sle management that have emerged over the last few years. regimens that have been investigated target B cells, 
plasma cells, t cells and plasmacytoid dendritic cells. additionally, treatments that affect B cell survival and specific 
intracellular pathways such as the JaK Stat pathway, the ifn pathway and mtOr or cytokines have also been used in 
the treatment of Sle or are currently being evaluated. despite the existence of several therapeutic regimens in Sle, 
there are still unmet needs in patients with persistent disease activity, disease flares, decreased health-related qual-
ity of life, organ damage development, intolerance to standard treatment and comorbidities. it is encouraging that 
a plethora of therapeutic agents are currently under evaluation, although there are occasional clinical trial failures.
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is also often administered off-label for other manifesta-
tions, based on the encouraging results of a plethora 
of studies [2,3]. failure to achieve remission of lupus 
nephritis may lead to end-stage renal disease due to 
irreversible damage of the kidneys. Measurement of 
proteinuria using the urine protein to creatinine ratio 
(uPcr) is a tool to assess disease activity in patients 
with lupus nephritis. improvement of proteinuria at 
12 months of treatment is associated with a favorable 
long-term renal outcome. despite advantages, a com-
plete renal response is infeasible in more than 40% of 
patients with renal involvement. thus, there is a need 
to introduce and evaluate additional or new regimens 
that are summarized in table 1.

targeting cells

B cells
B cells play a central role in the pathogenesis of Sle. 

B cells are able to produce autoantibodies after their 
differentiation into plasma cells, secrete cytokines, and 
present autoantigens to t cells as well. thus, targeting B 
cells in the treatment of Sle seems a reasonable strategy. 

INtRoDUCtIoN
Systemic lupus erythematosus (Sle) is a chronic 

heterogeneous multisystem autoimmune disease. Pa-
tients with Sle are typically treated with corticosteroids 
and immunosuppressants. novel developments in 
the treatment of patients with Sle have been recently 
reviewed [1]. the u.S food and drug administration 
(fda) has approved belimumab and anifrolumab for 
the treatment of patients with Sle who are receiving 
standard therapy, and voclosporin and the intravenous 
form of belimumab for the treatment of lupus nephritis. 
telitacicept has been also approved for the treatment 
of Sle in china. rituximab, a B cell depletion treatment, 
may also be administered according to the european 
league against rheumatism (eular) and american 
college of rheumatology (acr) guidelines in refrac-
tory lupus nephritis despite the fact that the two large 
clinical trials failed to meet their primary endpoints and 



212 chrysanthi Staveri

ACHAIKI IATRIKI October - December 2022, Volume 41, Issue 4 

Table 1.  Trials of agents demonstrating favorable results in the treatment of patients with SLE.

regimen 
Phase of the 
study / indication

Primary endpoint result

Obinutuzumab ii / lupus 
nephritis

complete renal 
response at week 52 

35% (Obinutuzumab) vs 
23% (placebo), 

p=0.115

Obexelimab ii /  Sle loss of improvement at 
day 225 

42% (obexelimab) vs 
28.6% (placebo), p=0,18

lupuzor iii / Sle Sri response at week 52 52.5% (lupuzor) vs 44.65% 
(placebo), p=0.26

daratumumab case report / 
Sle and lupus 
nephritis

Belimumab fda approved / 
lupus nephritis

Primary efficacy renal 
response at week 104 

43% (belimumab) vs 32% 
(placebo), p=0.03

telitacicept 2b / Sle Sri-4 response at week 
48 

71.0% (80mg), 68.3% 
(160mg), 75.8% (240mg) 
vs 33.9% (placebo), 
p<0.001, p<0.001, 
p<0.001, respectively

anifrolumab fda approved 
/ Sle

Bicla response at week 
52 

47.8% (anifrolumab) vs 
31.5% (placebo), 

p=0.001

Voclosporin fda approved / 
lupus nephritis

complete renal 
response at week 52 

40.8% (voclosporin) vs 
22.5% (placebo), 

p<0.0001

Sirolimus 1/2 / Sle

retrospective / lupus 
nephritis 

decreases of BilaG and 
Sledai scores at each visit 
(months 1-12) 

 BilaG: 28.4 (baseline) vs 17.4 
(month 12),

 p<0.001 

Sledai: 10.2 (baseline) vs 4.8 
(month 12), 

 p<0.001

Proteinuria: 2.8±1.9 at baseline 
vs 0.1±0.1 

at month 36

ViB7734 i / Sle, Sjogren’s and 
cle 

Median change in claSi-a from 
baseline to

 month 3: -5 (50mg), -9.5 
(150mg), -5 (placebo)

BiiB059 ii / Sle (part a)

cle (part B)

change of total joint 
count from baseline to 
week 24 

claSi-a at week 16 

-15.0 (450mg) vs -11,6 
(placebo),

 p=0.037 

-38.78 (50mg), -47.91 (150mg), 
-42.48 (450mg) 

vs -14.49 (placebo), p=0.015,

 p<0.001, p=0.001
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Obinutuzumab is a type ii humanized anti-cd20 
monoclonal antibody (mab) causing a greater B cell 
elimination than rituximab which is a type i anti-cd20 
monoclonal antibody. contrary to rituximab that failed 
to demonstrate a clinically significant difference com-
pared to placebo in the primary endpoint of complete 
renal response, obinutuzumab was tested in patients 
with lupus nephritis with encouraging results. a total 
of more than 100 patients with class iii or class iV lupus 
nephritis was randomized to receive obinutuzumab or 
placebo along with corticosteroids and mycophenolate 
mofetil (MMf) [4]. complete renal response was achieved 
in 35% of the patients in the obinutuzumab group and 
in 23% of the patients in the placebo group (p=0.115) 
at week 52. this favorable response was sustained in 
41% of the patients in the obinutuzumab group and 
in 23% of the patients in the placebo group through 
week 104 (p=0.026). Serious infections were observed 
in 8% in the obinutuzumab group and in 18% in the 
placebo group. it was also noticed that patients who 
had achieved sustained B cell depletion had a more 
favorable outcome of their renal disease at week 76, 
emphasizing the important effect of B cell elimination 
in the disease progress [5]. a phase iii study aims to 
demonstrate that obinutuzumab and MMf without 
oral corticosteroids is non-inferior to treatment with 
MMf and oral corticosteroids in achieving the primary 
outcome of complete renal response at week 52 [6]. 

Obexelimab is a mab against the cd19 molecule 
expressed on the surface of B cells, but it also binds 
to the fcγ receptor iib (fcγriiB) the only inhibitory fcγ 
receptor on the surface of B cells. thus, obexelimab 
suppresses the activation of B cells without depleting 
them. in a phase ii study, 104 patients were randomly 
assigned to receive obexelimab or placebo after achiev-
ing low disease activity by intramuscular (iM) steroids 
and after discontinuing previous immunosuppression 
[7]. Maintenance of improvement was observed through 
day 225 in 42% of patients in the obexelimab group and 
in 28.6% of patients in placebo group (p=0.18). however, 
patients in the obexelimab group had a significantly 
longer time to loss-of-improvement (median: 230 vs 
131 days for patients in the placebo group, p=0.025).

T cells
t cells also participate in the pathogenesis of Sle. 

lulizumab is a mab against cd28, the t cell co-stimula-
tory molecule that is essential for t cell activation. in a 
phase ii 24-week study, lulizumab was administered in 

a dose of 12.5 mg/week or at doses of 1.25, 5 mg, 12,5 
mg every other week or placebo along with standard 
treatment in 349 patients with Sle [8]. disease activity 
indices, such as the British isles lupus assessment Group 
Based composite lupus assessment (Bicla) response 
rate, the claSi (cutaneous lupus erythematosus disease 
area and Severity index), and the Sledai (Systemic lu-
pus erythematosus disease activity index) did not show 
significant changes between groups during treatment.

rigerimod or lupuzor is a peptide, a fragment of the 
small nuclear ribonucleoprotein u1-70K. it may act as 
an immunomodulator by binding to major histocom-
patibility complex (Mhc) class ii and hence inhibiting 
t-cell reactivity, resulting in a partial restoration of the 
immune tolerance. in a phase iii study rigerimod was 
introduced subcutaneously at a dose of 200 mg every 
4 weeks for 48 weeks in combination to standard treat-
ment [9]. a small and without statistical significance 
better response rate was noticed over placebo (52.5% 
vs 44.6%, p=0.26). Obviously, approaches targeting t 
cells seem less effective. co-stimulation blockade has 
not been efficacious in the treatment of Sle, pointing 
perhaps to different pathway targets. 

Plasma cells
daratumumab that has been approved for the treat-

ment of multiple myeloma, is an igG1k mab against 
cd38 causing depletion of plasma cells. long-lived 
plasma cells are residents in niches in the bone mar-
row or in inflamed tissue and they do not respond 
to immunosuppressants, including B-cell-targeting 
treatments. two patients with severe manifestations 
of Sle received daratumumab at a dose of 16 mg/
kg of body weight once a week for 4 weeks followed 
by maintenance treatment with i.V. belimumab [10]. 
daratumumab treatment resulted in remarkable clinical 
outcomes including improvement not only of severe 
manifestations such as lupus nephritis, autoimmune 
hemolytic anemia and autoimmune thrombocytopenia 
but also of less severe manifestations such as arthritis, 
skin rashes, pericarditis, cutaneous vasculitis, alopecia 
and mucosal ulcers. favorable serologic responses were 
also observed. importantly, previous therapeutic inter-
ventions with a variety of agents such as bortezomib, 
mycophenolate mofetil, and cyclophosphamide were 
ineffective. despite the extremely small number of 
patients, data are encouraging supporting the further 
evaluation of daratumumab in adequately powered 
trials of patients with Sle. Of note, the clinical efficacy 
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proval clinical trials had excluded patients with severe 
lupus nephritis. Of note, we had previously reported 
two patients in which lupus nephritis manifested shortly 
after the initiation of belimumab treatment [14]. Both 
these patients improved immediately after withdrawal 
of belimumab and before the initiation of standard 
therapy. furthermore, a retrospective study showed 
that introducing belimumab into a standard treatment 
regimen of patients with Sle without renal involvement 
resulted in development of lupus nephritis with an in-
creased frequency compared to patients with non-renal 
Sle who did not receive belimumab (hazard ratio, hr: 
10.7, p=0.012) [15]. it was proposed that concomitant 
treatment with antimalarials was protective over this 
“nephritogenic” effect of belimumab ((hr: 0.2, p=0.046). 

an international phase iii, 104-week, randomized, 
double-blind, placebo-controlled trial of intravenous 
belimumab along with standard treatment formally ad-
dressed the question of its efficacy and safety in lupus 
nephritis [16]. a total of 448 patients were randomized 
to receive belimumab or placebo (1:1). the primary 
endpoint was primary efficacy renal response at week 
104, an endpoint that was defined as a urinary protein 
to creatinine ratio (uPcr) ≤ 0.7, an estimated glomerular 
filtration rate (eGfr) that had not declined more than 
20% below the levels before the flare of the disease or 
was >60ml/min/1.73 m2, as well as no use of rescue treat-
ment in cases of treatment failure. Primary efficacy renal 
response was noticed in 43% of the patients that were 
treated with belimumab along with standard therapy and 
in 32% of the patients that were treated with placebo 
in combination with standard treatment at week 104 
(p=0.03). regarding safety, no differences were observed 
between the two groups of patients. although a signifi-
cant number of patients with lupus nephritis was enrolled 
in each arm of the study, no subgroups of patients that 
could have a greater benefit from belimumab treatment 
were identified. despite the fact that a better outcome 
was noticed in 11% more patients, the percentages of 
patients with renal response are not sufficient satisfying. 
the fda has approved intravenous belimumab for the 
treatment of patients with lupus nephritis. treatment 
with belimumab at the time that circulating BlyS peaks 
following rituximab treatment in order to sustain B cell 
depletion seems reasonable. however, a phase ii study 
that examined the effect of induction therapy with 
rituximab followed by maintenance therapy with beli-
mumab did not demonstrate a significant improvement 
of patients with lupus nephritis [17].

of daratumumab was not associated exclusively to 
plasma cell depletion. Other circulating cells also express 
cd38 and their numbers were decreased after treat-
ment with daratumumab. these include B cell subsets, 
plasmacytoid dendritic cells and an expanded cd38+ 
t cell subpopulation. 

Plasmacytoid dendritic cells
Plasmacytoid dendritic cells have the ability to se-

crete massive amounts of type 1 interferons when 
activated contributing, thereby, to Sle pathogenesis. 
ViB7734 is a mab that binds to ilt7, a surface molecule 
of pdcs, resulting in their elimination and also in the 
reduction of other cytokines such as il-6 and tnf-α. a 
phase i, randomized, placebo-controlled trial evaluated 
ViB7734 in 3 cohorts [11]. cohort 1 included 6 patients 
with Sle or Sjogren’s syndrome with or without active 
disease. cohorts 2 and 3 included patients with Sle or 
cutaneous lupus erythematosus (cle) with a cle disease 
area and Severity index activity Score (claSi-a) ≥ 8. 
the median change of claSi-a from baseline to month 
3 was -5 in the 50mg, -9.5 in the 150mg group and -5 
in the placebo group. additionally, a ≥50% improve-
ment in claSi-a was observed in 56% of the patients 
treated with ViB7734 and in 29% of the patients in the 
placebo group at month 3. treatment with ViB7734 
was generally safe. 

BiiB059 is a humanized igG1 mab that binds to 
the specific receptor of pdc Bdca2 (blood dendritic 
cell antigen 2) and suppresses the production of ifn-i. 
a 2-part phase ii study assessed the effect of BiiB059 
in patients with Sle (part a) and in patients with cle 
(part B) [12]. the study achieved its primary endpoint 
which was the change in totally inflamed joints (tender 
and swollen joints) between baseline and week 24. 
total active joint count significantly decreased in the 
BiiB059 450mg group [-15.0 vs -11.6 in the placebo 
group (p=0.037)]. a non-statistically significant increased 
claSi-50 response was noticed in the BiiB059 group 
vs placebo. adverse events were recorded in 67.9% in 
the placebo group and in 59.2% in the BiiB059 group. 
a further evaluation of part B illustrated a statistically 
significant change of claSi-a score from baseline to 
week 16. Patients with severe Sle manifestations were 
not included in the study [13].

Treatments that affect B cell survival 
Belimumab is a specific inhibitor of the soluble BlyS 

(B lymphocyte stimulator). the large belimumab’s ap-
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a randomized trial currently investigates the long-
term efficacy of combination B cell targeting by initia-
tion treatment with belimumab followed by rituximab 
in patients with lupus nephritis. the primary outcome 
is treatment failure rate at week 104 [18].

Bruton’s tyrosine kinase (BtK) is an intracellular sign-
aling molecule that plays an essential role in the activa-
tion, differentiation and survival of B cells. fenebrutinib 
is a highly selective inhibitor of Bruton’s tyrosine kinase 
(BtK). a phase ii study that enrolled 260 Sle patients 
from 12 countries was conducted [19]. the Sri-4 re-
sponse rates at week 48 were 51% in the fenebrutinib 
150mg once daily group (p=0.37 vs placebo), 52% in 
the fenebrutinib 200mg twice daily group (p=0.34 
vs placebo) and 44% in the placebo group. although 
fenebrutinib illustrated an acceptable safety profile, it 
failed to improve disease activity. 

targeting other signals of B cell survival
telitacicept (rc18) is a novel recombinant taci-fc 

(transmembrane activator and calcium modulator and 
cyclophilin ligand interactor) fusion protein that binds 
to soluble BlyS and aPril (a proliferation inducing 
ligand) suppressing thereby their biological activities, 
that also affect the plasma cells. therefore, telitacicept 
does not affect early and memory B cells. in a phase 2b 
study, patients with a Safety of estrogen in lupus ery-
thematosus national assessment (Selena)-Sledai score 
≥ 8, consistent with active disease, received telitacicept 
at doses of 80mg, 160mg and 240mg or placebo along 
with standard treatment [20]. the primary endpoint was 
an Sri-4 at week 48. the Sri-4 was achieved in 71.0%, 
68.3% and 75.8% of the patients who received the 
80mg, 160mg and 240mg doses, respectively, at week 
48 and in 33.9% of the patients in the placebo group. 
the proportion of patients achieving at least a 4-point 
reduction in their Selena-Sledai score at week 48 
was 75.8%, 77.8% and 79.0% in the telitacicept groups 
and 50.0% in the placebo group. adverse events were 
observed in 90.3%, 92.1%, 93.5% and 82.3% of the 
patients in the 80mg, 160mg, 240mg telitacicept and 
placebo groups, respectively. adverse events included 
mainly reactions at the injection site and infections of 
the upper respiratory tract. in March 2021, telitacicept 
was firstly approved in china for the treatment of pa-
tients with active Sle. telitacicept is also evaluated in a 
phase iii placebo-controlled study along with standard 
treatment. the primary outcome is Sri response rate at 
week 52 [21].

targeting the IfN pathway
anifrolumab is a fully human mab that binds to the 

type i interferon receptor, blocking the activity of type 
i interferons such as interferon-α and interferon-β. a 
phase iii, randomized, double-blind, placebo-controlled 
study included 362 patients with Sle [22]. they were 
randomized to receive anifrolumab (n=180) or placebo 
(n=182). a Bicla response was achieved in 47.8% of the 
patients in the anifrolumab group and in 31.5% of the 
patients in the placebo group at week 52. for patients 
with a high interferon gene signature, the percentages 
were 48.0% in the anifrolumab group and 30.7% in 
the placebo group. for patients with a low interferon 
gene signature, the percentages were almost similar 
to those with a high interferon gene signature (46.7% 
and 35.5%, respectively). anifrolumab treatment also 
resulted in a reduction of glucocorticoid dosages and 
an improvement of skin involvement. anifrolumab 
did not illustrate significant effects in arthritis or in an-
nualized flare rates. Serious adverse events including 
pneumonia and deterioration of Sle were reported in 
8.3% of the patients in the anifrolumab group and in 
17% of the patients in the placebo group. herpes zoster 
infection developed in 7.2% in the anifrolumab group 
and in 1.1% in the placebo group. anifrolumab (Saph-
nelo) has been approved by the fda for the treatment 
of adult patients with moderate to severe Sle who are 
receiving standard treatment. an ongoing phase iii 
randomized, placebo-controlled trial currently evalu-
ates the efficacy and safety of anifrolumab compared 
to placebo as added to standard treatment in patients 
with lupus nephritis. the primary outcome is complete 
renal response at week 52 [23].

targeting specific intracellular pathways 
calcineurin inhibitors suppress the rapid ionized 

calcium infux that induces calcineurin activation in t 
cells following activation of Bcr and tcr. Voclosporin 
is a novel cyclosporine analog, the most potent and 
least toxic among all known calcineurin inhibitors. 
a phase 3 study demonstrated that the addition of 
voclosporin to mycophenolate mofetil and low-dose 
corticosteroids was superior to standard treatment 
in patients with lupus nephritis. the aurOra study 
included 357 patients with active lupus nephritis [24]. 
renal response was achieved in 40.8% of the patients in 
the voclosporin group and 22.5% of those in the control 
group and therefore the study met its primary endpoint. 
Patients receiving voclosporin had a 50% reduction in 
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the uPcr more rapidly than the control group. Seri-
ous adverse events, mainly infections were recorded 
in 20.8% of the patients in the voclosporin group and 
in 21.3% in the control group. renal response at week 
24, partial renal response at weeks 24 and 52, time to 
achieve uPcr ≤ 0.5, and time for 50% reduction of uPcr 
were the secondary endpoints and they all displayed a 
statistical significance in favor of voclosporin compared 
to standard treatment alone. there was no significant 
reduction of the eGfr at week 52 in the voclosporin 
group or increases of glucose, lipid levels or in blood 
pressure, which constitute common side effects of cal-
cineurin inhibitors. a 2-year, controlled extension trial 
(aurOra 2) with a follow-up of 30 months included 90 
patients in the voclosporin group and 78 patients in the 
control group [25]. according to these results, there 
were sustained meaningful reductions in proteinuria 
and no fluctuations of renal function through month 
30. Voclosporin has been approved by the fda as the 
first orally administered treatment for patients with 
lupus nephritis. 

targeting mtoR
Sirolimus is an immunosuppressive macrolide. it 

blocks the activation of t cells and B cells through 
mtOr (mammalian target of rapamycin) suppression, 
decreasing thereby their sensitivity to il-2. in a prospec-
tive, open-label, single-arm clinical trial sirolimus was 
administered in 40 patients with Sle for 12 months [26]. 
Patients with severe or life-threatening manifestations 
of Sle, proteinuria (an uPcr more than 0.5) and hemato-
logical abnormalities had been excluded. eleven patients 
discontinued the study due to lack of tolerance or lack 
of compliance. Sledai and BilaG scores were reduced 
in 16 out of 29 patients that completed treatment. Mean 
Sledai score was decreased from 10.2 at enrollment 
to 4.8 at 12 months after treatment (p<0.001). Mean 
BilaG score was decreased from 28.4 at enrollment to 
17.4 at 12 months after treatment (p<0.001). the mean 
daily dose of prednisone was decreased from 23.7mg to 
7.2mg (p<0.001) at 12 months after sirolimus initiation. 

a retrospective study included 16 patients with 
class iii and/or V or iV and/or V or pure class V lupus 
nephritis who received sirolimus [27]. nine patients had 
intolerance to standard treatment (MMf and calcineu-
rin inhibitors), and 7 patients had a history of cancer. 
Sirolimus was introduced as an induction treatment in 5 
and as maintenance therapy in 11 patients. Proteinuria 
was diminished from 2.8±1.9 g/d at baseline to 0.1±0.1 

g/d (p=0.011) at 36 months after treatment in the first 
group. a stable renal function was achieved in the sec-
ond group. one patient experienced a renal flare and 
another one developed end-stage renal disease at 27 
months after sirolimus treatment. 

a meta-analysis was conducted to determine the 
overall efficacy of sirolimus in patients with Sle [28]. the 
overall reduction of Sledai and BilaG scores and that 
of corticosteroid dosages was 4.85, 1.98 and 13.17mg/d 
respectively in 111 patients with active disease. remis-
sion was observed in 74% of the patients who received 
sirolimus for their active disease and maintenance of 
remission was achieved in 95.5% of the patients with 
lupus nephritis. Side effects were mild; only 9.3% of the 
patients discontinued treatment. it is therefore plausible 
that mtOr suppression may represent a promising novel 
therapeutic approach for patients with Sle.

Targeting the JAK-STAT pathway
the activation of the JaK-Stat pathway participates 

in the differentiation of pathogenic effector t cells and 
in the dysregulation of treg cels. Baricitinib is an oral 
inhibitor of Janus kinase (JaK), blocking the subtypes 
JaK1 and JaK2. in a phase 2, double-blind, randomized, 
placebo-controlled, multicenter, 24-week study, 314 
patients with active Sle involving skin or joints were 
randomized to receive baricitinib 4mg/d (n=104), bar-
icitinib 2mg/d (n=105), or placebo (n=105) [29]. at week 
24, reductions of Sledai scores were noticed in 67% of 
the patients in the baricitinib 4mg/d arm and in 58% of 
the patients in the baricitinib 2 mg/d arm. the higher 
dose of baricitinib (4mg/d) appeared to be more effec-
tive in the management of patients with Sle refractory 
standard treatment. Severe infections were recorded in 
6% of the patients in the baricitinib 4 mg/d group, in 2% 
of the patients in the baricitinib 2 mg/d group and in 
1% of the patients in the placebo group. Of note, deep 
vein thrombosis was observed in 1 patient receiving 
the 4 mg dosage regimen; this patient was positive for 
antiphospholipid antibodies. 

in the phase iii (Sle-BraVe-i) study, the baricitinib 
4mg regimen met the primary endpoint, illustrating a 
statistically significant reduction in disease activity as 
measured by the proportion of adult patients with active 
Sle who had an Sri-4 response at week 52 compared 
to placebo. however, the Sle-BraVe-ii study failed to 
meet the primary endpoint of Sri-4 response. in ad-
dition, important secondary endpoints were not met 
in either study. Based on top-line efficacy results from 
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the above phase-3 studies, the manufacturer decided 
to discontinue the phase-3 development program for 
baricitinib in patients with Sle [30]. notably, safety 
that represented a major issue for JaK-inhibitors in 
rheumatoid arthritis patients with cardiovascular risk 
factors did not influence the manufacturer’s decision.

targeting cytokines interleukin 12 and 23
ustekinumab is a mab that binds to the p40 subu-

nit of il-12 and il-23 preventing their binding to their 
receptors. a multicenter, randomized, double-blind, 
placebo-controlled study included 102 patients with 
active Sle. these patients were randomized to receive 
either ustekinumab or placebo along with standard 
treatment. Sri-4 response rates were significantly greater 
in the ustekinumab group (62%) compared to the 
placebo group (33%) at week 24 and were sustained 
through week 48. ustekinumab was generally safe, since 
no opportunistic infections or deaths were recorded. 
the encouraging results of the phase ii trial led inves-
tigators to design a phase iii study. the manufacturer 
announced discontinuation of this study due to lack 
of efficacy resulting in the exclusion of ustekinumab 
from the therapeutic alternative approaches of Sle. the 
safety profile of ustekinumab was consistent with that 
of previous studies and did not impact the decision to 
discontinue the clinical trial.

ongoing clinical trials
apart from trials that were mentioned above, other 

ongoing studies are described below.

Treatments against T cells 
 acazicolcept (alPn-101) is a dual inhibitor of the 

cd28 and icOS t cell co-stimulatory receptors that 
regulate the activation, proliferation and differentiation 
of t cells. it was created by engineering a single protein 
domain, or vigd (Variant ig domain) based on a human 
inducible t cell co-stimulatory ligand (icOSl) that is 
able to bind to cd28 and icOS. a first-in-human study 
assessed the tolerability, safety, pharmacokinetics and 
pharmacodynamics of alPn-101 in healthy adults [31]. 
according to the results, alPn-101 seems to be well-
tolerated with no clinically significant immunogenicity, 
evidence of cytokine release or severe side effects. a 
phase 2, randomized, blinded study aims to evaluate 
the safety and efficacy of alPn-101 in patients with 
moderate to severe Sle [32].

dapirolizumab pegol is an anti-cd40l pegylated 

fab fragment that blocks co-stimulatory interactions 
between t cells and antigen presenting cells express-
ing cd40. a phase 2b study of dapirolizumab pegol in 
patients with Sle failed to meet the primary endpoint 
which was the dose-response at week 24, despite the 
fact that it was well-tolerated and showed improve-
ments in disease activity [33]. however, investigators 
continue their research in order to determine the efficacy 
of dapirolizumab in a phase iii study [34]. the primary 
outcome is Bicla response at week 48.

itolizumab (eQ001) is a monoclonal antibody target-
ing the cd6 receptor on the surface of t cells. it blocks 
the binding of cd6 on icaM (activated leukocyte cell 
adhesion molecule) ligand, inhibiting therefore immune 
responses mediated by t cells. cd6 and alcaM positive 
cells were found to be increased in patients with lupus 
nephritis and to be associated with Sle activity [35]. 
itolizumab improved renal disease in murine models, 
reduced the migration of t cells to inflamed tissues and 
also increased the levels of il-10. Based on previous 
animal model data, the manufacturer was granted a 
u.S. fda fast-track designation for itolizumab for the 
treatment of patients with lupus nephritis. 

ly3471851 (nKtr-358) targets the il-2 receptor 
complex and represents a novel treg cell stimulator. it 
is designed to correct specifically this immune system 
dysregulation without affecting the entire immune 
system. the primary outcome of a phase ii study is the 
percentage of patients that will achieve a ≥4-point 
reduction in Sledai-2K score at week 24 [36].

abatacept is a fusion protein of the extracellular 
domain of ctla4 and human igG1-fc, constructed to 
suppress B cell/t cell co-stimulation. Previous studies 
of abatacept failed to demonstrate benefit, even after 
withdrawal of background treatments. nevertheless, 
a phase 2 study will evaluate the efficacy of abatacept 
in patients with Sle and the primary endpoint is Bicla 
response at 6 months [37].

Treatments against mainly (but not only) B cells 
alPn-303 inhibits B cell cytokines BlyS and aPril, 

which play an important role in B cell survival, with 
higher than fivefold potency in vitro. in a mouse model 
of lupus, alPn-303 treatment significantly decreased 
anti-dsdna autoantibody levels and glomerulonephritis, 
whereas renal function remained stable and overall sur-
vival was improved [38]. Patients are currently enrolled 
in a phase 1 healthy volunteer clinical trial [39]. 

iberdomide (cc220) is a cereblon modulator causing 
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potent degradation of the transcriptional factors ikaros 
and aiolos leading to suppressed B cell proliferation 
and cytokine secretion. a phase ii, placebo-controlled 
study aims to evaluate the efficacy and safety of cc220 
in patients with active Sle and the primary outcome is 
an Sri-4 at week 24 [40]. B cell and t cell collaboration 
plays a central role in the pathogenesis of Sle. thus, aMG 
570, an icOSl and Baff bispecific inhibitory molecule, 
has been employed in a phase 2b study [41]. the pri-
mary outcome is the percentage of patients achieving 
an Sr-4 at week 52. Based on the same concept, Vay736 
or lanalumab, a mab that blocks the faff receptor and 
cfZ533 or iscalimab, a mab that blocks cd40 pathway 
signaling are under investigation in a phase 2 study in 
patients with Sle and the primary outcome is an Sri-4 
response at week 29 [42].

a phase ib/iia of orelabrutinib (icP-022) aims to 
assess the safety, preliminary efficacy and tolerability 
in patients with mild to moderate Sle [43]. a phase 2 
study aims to evaluate the safety and effectiveness of 
branebrutinib in patients with autoimmune diseases 
including Sle [44]. elsubrutinib and upadacitinib treat-
ments that are given alone or in combination are cur-
rently evaluated in patients with moderate to severe 
Sle [45]. the primary outcome of this phase 2 study 
is the achievement of Sri-4 and steroid dose ≤ 10mg 
prednisone equivalent once a day at week 24. 

a 76-week, 3-part 1b/2 study aims to assess the phar-
macological properties, safety and preliminary efficacy 
of tofacitinib in young adults with moderate to severe 
skin involvement due to lupus [46]. Brepocitinib (JaK1 
and tyK2 inhibitor) is currently under evaluation in a 
dose-ranging phase 2 study in patients with Sle refrac-
tory to standard treatment [47]. the primary endpoint 
is Sri-4 at week 52. deucravacitinib (tyK2 inhibitor) is 
under investigation in a phase 2 study in patients with 
lupus nephritis [48].

Secukinumab is a human igG1 monoclonal antibody 
that selectively binds to interleukin-17a (il-17a). a phase 
iii study evaluates the efficacy and safety of secukinumab 
in combination with standard treatment in patients 
with active lupus nephritis. the primary outcome is 
the proportion of patients achieving complete renal 
response at week 52 [49]. 

other potential treatments
low-dose il-2 might also be effective in patients with 

Sle. a randomized, placebo-controlled study showed 
that the Sri-4 response rate was 65.2% of the patients in 

the il-2 group and 36.7% in the placebo group (p=0.027) 
at week 24 [50]. the primary endpoint which was the 
Sri-4 response at week 12 was not met. regarding lu-
pus nephritis, complete renal response was achieved 
in 53.85% of the patients in the il-2 group compared to 
16.67% in the placebo group (p=0.036). a multicenter, 
double-blind, placebo-controlled trial will establish 
which of the three different dosages of il-2 would be 
more efficacious and safer for patients with Sle [51]. 

lenabasum is a synthetic endocannabinoid receptor 
type 2 agonist that activates innate immunity without 
immunosuppression. a phase 2 study evaluates the 
efficacy and safety of lenabasum in Sle patients with 
active joint disease and at least moderate pain [52]. it has 
been found that a single nucleotide polymorphism in the 
gene for the n2a subunit of the n-methyl-d-aspartate 
(nMda) receptor, Grin2a, encodes augmented nMda 
receptor activity. Memantine is an nMda receptor an-
tagonist and is currently evaluated in a phase 2 study 
in patients with cognitive dysfunction [53]. a phase 
1b/2 study aims to evaluate KZr-616 (a selective im-
munoproteasome inhibitor) in Sle patients with and 
without renal involvement [54]. 

cenerimod is a selective agonist for the G-protein-
coupled sphingosine-1-phosphate receptor 1 (S1P 
receptor 1 or S1P1), also known as endothelial dif-
ferentiation gene 1 (edG1). it seems to be a potent 
immunomodulator due to its effects in the number of 
circulating and infiltrating t- and B-cells. in a phase ii 
study cenerimod was introduced at different doses in 
patients with Sle [55]. t- and B-cells were measured by 
flow cytometry before and at 12 weeks after treatment. 
there was a reduction of cd4+t cells (95%) and cd19+B 
cells (90%) and also a reduction of antibody-secreting 
cells (85%). the safety profile of this agent is unknown. 
the purpose of a phase 2 study is to evaluate the efficacy 
and safety of 4 doses of cenerimod in patients with Sle 
[56]. the primary outcome is change of the modified 
Sledai from baseline to month 6. 

Other potential therapeutic approaches such as 
epstein Barr Virus-specific cytotoxic t lymphocytes [57], 
mesenchymal stem cells [58,59] and curcumin are also 
currently under investigation in patients with Sle [60].

DISCUSSIoN
this review demonstrates the continuous efforts in 

order to achieve a sufficient control of the manifesta-
tions of Sle. the trials that have been conducted or are 
currently under way, include a variety of regimens due 
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to the plethora of the disturbances implicated in Sle 
pathogenesis. these regimens are illustrated in figure 1. 

lupus nephritis is an aspect of the disease often 
difficult to treat. fortunately, two drugs, the orally ad-
ministered voclosporin and the intravenous form of 
belimumab, have been recently approved by the fda 
for the treatment of patients with lupus nephritis on 
top of standard of care. regarding voclosporin, besides 
its efficacy persisting at 30 months, no drug interaction 
with MMf has been observed, while it is also associated 
with a more favorable effect on glucose and lipid levels 
than other calcineurin inhibitors. On the other hand, 
belimumab prevents time-to-organ damage progres-
sion, while it is not associated with arterial hypertension. 
a report suggests daratumumab that targets plasma 
cells as well as other immune cells, as an alternative 
therapeutic approach for patients with Sle. however, 
studies with greater numbers of patients are necessary 
to determine the efficacy and safety of daratumumab 
in patients with Sle. a pilot study suggests that the 
mtOr inhibitor sirolimus could also be a generally safe 
and well tolerated alternative therapeutic approach in 
the management of lupus nephritis in patients who are 
intolerant to standard treatment or in cases of a history 
of malignancy. treatment options for other aspects of 
the disease such as neuropsychiatric involvement are 
quite limited. a common symptom that dramatically 
decreases the quality of patients’ lives is fatigue and 
cannot be managed sufficiently so far. 

 Sometimes a combination of treatments might be 
necessary to be introduced, since lupus is a multifacto-
rial disease. Generalized immunosuppression should 
be minimized with the administration of novel agents, 
because infections that are potentially life threatening 
are always an important issue.

CoNCLUSIoNS
Sle is a multifactorial disease often difficult to man-

age. Occasionally, combination therapy is mandatory to 
control disease activity. due to the extreme heterogene-
ity of the disease, personalized approaches might also 
be important. apart from the efficacy of a treatment, 
the safety profile is another important issue.
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