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Abstract 

Background: In Asia, an estimated of one million deaths caused by community-acquired 

pneumonia (CAP) each year. Despite the high mortality in elderly people, a large number of 

CAP patients have been treated and survived with optimal life expectancy. A few studies have 

been done on adult CAP therapeutic approaches in Asia. Moreover, differences have been noted 

between these studies and European data. We aimed to investigate the efficacy of oral 

Levofloxacin (TAVANEX), 750 mg, once daily for five days versus parenteral Ceftriaxone 1gr BD, plus 

oral Azithromycin (250 mg, once daily) for seven to ten days (standard regimen) in CAP treatment.  

Materials and Methods: We conducted a prospective randomized trial among 150 patients with 

CAP in Qaem Hospital of Alborz city on December 2016 to June 2017. A group of CAP patients 

were randomized in two treatment groups. One group was treated with oral Levofloxacin 

(TAVANEX), 750 mg, once daily for five days and the other group with parenteral Ceftriaxone 

1gr BD plus oral Azithromycin macrolide (250 mg, once daily) for seven to ten days (standard 

regimen). The efficacy and side effects of the assigned drugs were compared between two 

groups. The probability level for statistical significance was set at P ≤ 0.05.     

Results: The body temperature (P value=0.09), WBC count (P value=0.15), respiratory sounds 

(P value=0.18) and admission duration (P value=0.15) showed no significant differences after 

treatment between two group. There was no report of hospital mortality, clinical deterioration 

and antibiotic escalation during hospital admission in both groups of study. In standard regimen 

group, only two (2.7%) patients had skin rash while in Levofloxacin group one case (1.3%) had 

skin rash, two patients (2.7%) had gastrointestinal problems and three (4%) patients showed 

central nervous system (CNS) complications. In both groups, the reticulonodular pattern was 

more frequently observed in Chest X-ray. Although standard regimen group (n=27, 36%) 

showed more consolidation than patients in Levofloxacin group (n=22, 29.3%), the ground glass 

pattern was observed more in Levofloxacin group. 

Conclusion: We concluded that monotherapy with oral Levofloxacin was as effective as 

treatment with Ceftriaxone plus Azithromycin combination in patients with CAP who required 

hospitalization. 
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1. Introduction 

Community acquired pneumonia (CAP) is a common infectious disease, with high mortality rate 

worldwide, particularly, in developing countries. It accounts for most common infectious disease 

in children and cause of the serious morbidity and mortality in elderly patients [1, 2]. 

The most common cause of CAP are bacteria, amongst them the typical bacteria such as 

Streptococcus pneumonia and atypical bacteria such as Mycoplasma pneumoniae, 

Chlamydophila pneumoniae, and Legionella pneumophila, are the most prevalent germs [3, 4]. 

Twenty percent of CAPs caused by Viruses. The most common viruses are influenza, 

parainfluenza, human respiratory syncytial virus, human metapneumovirus and adenovirus [5]. 

Antibiotic treatment of CAP is rarely identified since commonly is the operant approach to fight 

against pathogens, even among hospitalized patients and patients never receive immediate 

treatment [6]. 

In Asia, an estimated of one million deaths caused by CAP each year. Despite the high mortality 

in elderly people, a large number of CAP patients have been treated and survived with optimal 

life expectancy [7]. A few studies have been done on adult CAP therapeutic approaches in Asia. 

Moreover, differences have been noted between these studies and European data [7-9]. 

In the United States, CAP is the sixth main cause of death [10]. The CAP-related mortality and 

morbidity have been reflected in the plethora of published studies. Current contradictions 

between national clinical guidelines reflect the variation in prevalence of target pathogens, 

pattern of drug resistance and clinical practice. Although there are several ongoing clinical trials 

that provide evidences for current practice and drug efficacy to identify the common etiologic 

pathogens and determine the appropriate clinical practice in order to achieve the optimal 

outcome, more epidemiological studies are required at the community level [10]. 

 A number of studies endeavored for novel methods for respiratory infections treatment. Table 1 

shows some recent patents for respiratory infection treatments as well as fluoroquinolone use. 
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Table 1. Some recent patents for respiratory infection treatments and fluoroquinolone use. 

Patent Number Current Assignee Subject References 

US5686070A Genentech Inc Methods for treating 

bacterial pneumonia 

[11] 

US20050036951A1 Arizeke 

Pharmaceuticals Inc 

Methods of treating 

lung diseases 

[12] 

US5290540A Jackson Henry M 

Foundation for 

Advancement of 

Military Medicin 

Method for treating 

infectious respiratory 

diseases 

[13] 

US20030012814A1 Shionogi Inc Levofloxacin 

antibiotic product, use, 

and formulation  

[14] 

US6340689B1 LG Life Sciences Ltd Methods of use of 

quinolone compounds 

against atypical upper 

respiratory pathogenic 

bacteria 

[15] 

US5756506A Bayer HealthCare LLC Single high dose 

fluoroquinolone 

treatment 

[16] 

US9795572B2 Institute For Clinical 

Pharmacodynamics Inc 

Method for shortening 

anti-infective therapy 

duration in subjects 

with infection 

[17] 

US20150283120A1 The University of 

Chicago 

Antibiotic methods 

and compositions for 

bacterial infections 

[18] 

 

To the best of our knowledge, there are just twenty-one studies that have been conducted on 

CAP in Iran. Eleven of these studies were conducted among children [19]. One study 

investigated and compared the clinical manifestations and laboratory abnormalities between 

elderly and younger age group in CAP patients. The results indicated more severe disease and 

higher mortality rate in elderly patients [20]. Despite these available epidemiological knowledge, 

limited evidences are present regarding the good clinical practice in adult CAP patients in Iran. 

Thus, in this study, we aimed to investigate and compare the main current antimicrobial 

treatment regimen and their outcomes in CAP, in situations similar to the general practice 

setting. The study compared the therapeutic effect of Levofloxacin, a fluoroquinolone given as a 

single first-line with a comparative arm of Ceftriaxone and Azithromycin combination (a beta-
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lactam and a macrolide) as standard regimen in CAP patients admitted in Qaem Hospital, Karaj, 

2017.  

2. MATERIALS AND METHODS 

2.1. Participants 

Between December 2016 and June 2017, 150 CAP patients were recruited and randomized into 

two groups in Qaem hospital, Karaj, Alborz province, Iran. One group was treated with 

respiratory fluoroquinolone, oral Levofloxacin (TAVANEX), 750 mg, once daily for five days 

and the second one was treated with parenteral Ceftriaxone 1gr BD plus oral Azithromycin 250 

mg, once daily for seven to ten days.  

2.1.1. Inclusion and Exclusion Criteria 

Patients who met the eligibility criteria were recruited and randomized into two treatment 

groups, using a simple random table to ensure the sound randomization and between the two 

arms of study (Fig. 1). In terms of age, gender and accompanying diseases (high blood pressure 

and diabetes) both groups were matched. The eligibility criteria are described in Table 2.   
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Table 2. Eligibility criteria for the study, Qaem Hospital, Karaj, December 2016 to June 

2017. 

Eligibility Criteria Factors 

Inclusion criteria • Having informed written consent  

• All patients with initial diagnosis of CAP 

including patients with new pulmonary 

infiltration, two or more clinical symptoms of 

lower respiratory tract infection such as fever, 

new or intense dry or productive cough, 

abnormal pulmonary sounds (rales, wheezes) 

• All patients with mild to moderate 

pneumonia based on the APACHE score 

system 

• Age >14 years  
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Exclusion criteria • Infection with microorganisms resistant to 

the regimens which are used in this study 

• Patients with cystic fibrosis 

• The presence of an empyema in the patient's 

graph 

• HIV positive patients  

• Patients with nosocomial pneumonia 

• Patients with Flu possibility 

• History of seizure or serious mental disorder 

• History of allergy to any of the medications  

• Pregnant or lactating women 

• Severe kidney disease (Cr Clearance <30 

mg/dL) 

• History of taking an antibiotic course within 

the last three months 

• Patients in the APACHE score system in the 

severe pneumonia group 

 

2.2. Measures and Procedures 

Patient basic information and initial clinical features were extracted thorough interview and 

physical exam were performed by a team of physicians at the time of admission. The findings 

were recorded and kept in relevant patient sheets for further analysis. Radiologic and laboratory 

tests were conducted in Qaem hospital laboratories and the results were recorded for each patient 

in relevant forms. Furthermore, an electrocardiogram was done at the time of admission for all 

patients as the routine practice. To examine the efficacy and side effects of each treatment, 



8 
 

patients in each arm were evaluated at the time of admission, followed by daily visits until 

discharge and one time visit in office seven to ten days after treatment assignment. Table 3 

indicates the items that were examined at each visit. In addition, we examined the patients for 

any possible side effect. The severity of side effects was classified into three groups: mild, 

moderate and severe. All the information collected in this study was recorded and kept in 

relevant documents for further analysis. 

 

Table 3. Evaluation indices of the two groups of case and control, Qaem Hospital, 

Karaj, December 2016 to June 2017. 

Variables Indicators 

Clinical symptoms and signs  Reduction of respiratory distress 

(use of accessory muscles of 

respiration, respiratory rate) 

 Coughing 

 Confusion  

 Abnormal pulmonary sounds 

(Crackle and Wheeze) 

Physical examinations  Cutaneous 

 Gastrointestinal  

 Central Nervous System (CNS) 

Laboratory  Leukocytosis  

 Creatinine 

 Blood glucose 
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Fig. (1). Flow of participants through the study, Qaem Hospital, Karaj, December 2016 to June 

2017. 

 

 

 

 

 

 

 

Assessed for eligibility (n=166) 

 Excluded (n=2) 

-Not meeting inclusion criteria (n=3) 

-Declined to participate (n=11) 

Randomized 

(n=150) 

Allocated to Levofloxacine (n=75) 

-Received adequate treatment (n=75) 

-Did not receive adequate tx (n=) 

Allocated to standard regimen 

(Ceftriaxone + Azithromycin) (n=75) 

-Received adequate treatment (n=75) 

 

 
Lost to follow-up (n=0) 

Discontinued treatment (n=0) 

Lost to follow-up (n=0) 

Discontinued treatment (n=0) 

Analyzed (n=75) 

-Excluded from analysis (n=0) 

Analyzed (n=75) 

-Excluded from analysis (n=0) 
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2.3. Statistical Analysis 

Applying the intention to treat analysis, patients in two groups were examined and compared in 

order to determine the efficacy and side effects of treatment. For the purpose of data analysis, we 

used SPSS software package (version 22). For measuring difference between groups, 

Independent-Samples T Test and Pearson Chi-Square Test were used and the probability 

level for statistical significance was set at P ≤ 0.05. 

3. RESULTS 

3.1. Demographic Characteristics 

In the present study, a total of 150 patients were recruited and assigned to two treatment groups. 

The mean age for Levofloxacin and standard regimen groups were 63.9 and 67.8 years, 

respectively. Before the intervention, demographic factors such as gender (P value=0.62) and age 

group (P value=0.28), in both study groups were recorded to have no significant differences 

between two arms (Table 4). 

3.2. Clinical and Paraclinical Findings 

Table 5 illustrates the clinical features and laboratory findings of CAP patients at the admission 

time and after the treatments. There was no patient having confusion, cancer with neutropenia, 

history of transplantation, nasogastric (NG) tube and gastrointestinal (GI) intolerance. Moreover, 

the history of taking Quinolone and Macrolide was negative in previous 90 days for all the 

patients. 

First day chest examination revealed that patients had more crackles than wheezing in both 

groups; 63 (84%) patients with crackles and 12 (16%) patients with wheezing were in 

Levofloxacin group and 67 (89.3%) patients with crackle, five (6.7%) with wheezing, two 

(2.7%) of unknown situation and one (1.3%) with normal chest exam were in the standard 

regimen group.  

3.3. Outcomes 

3.3.1. Primary Outcome 

After the intervention, measuring body temperature (P value=0.09), WBC count (P value=0.15), 

respiratory sounds (P value=0.18) and admission duration (P value=0.15) showed no significant 
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differences between two groups (Table 5). There was no report of hospital mortality, clinical 

deterioration and antibiotic escalation during hospital admission in both groups of study. 

3.3.2. Radiologic Findings  

In both groups, the reticulonodular pattern was more frequently than other patterns in Chest X-

Ray, including 30 (40%) patients in Levofloxacin group and 32 (42.7%) cases in standard group. 

Although standard regimen group (n=27, 36%) showed more consolidation than patients treated 

with Levofloxacin (n=22, 29.3%), the ground glass pattern observed more in Levofloxacin group 

(n=23, 30.7% in standard regimen arm versus n=16, 21.3% in levofloxacin arm). 

3.3.3. Side Effects 

In standard regimen group, only two (2.7%) patients had skin rash, while in Levofloxacin group 

one case (1.3%) had skin rash, two patients (2.7%) had gastrointestinal problems and three (4%) 

patients showed central nervous system (CNS) complications. Table 6 briefly depicts the adverse 

reactions observed in each group. 

 

Table 4. Demographic and basic clinical features of CAP patients, based on Levofloxacin 

and standard regimen at the admission time, Qaem Hospital, Karaj, Alborz province, 

December 2016 to June 2017. 

Variables1 

Groups   

P-value 
Levofloxacin 

N (%) 

Standard regimen 

N (%) 

Gender 

Male 

Female 

46 (61.3) 

29 (38.7) 

43 (57.3) 

32 (42.7) 
0.62 

Age group 

≤35 

36-50 

51-70 

≥71 

 

1 (1.3) 

12 (16.0) 

41 (54.7) 

21 (28.0) 

 

0 (0) 

9 (12.0) 

35 (46.7) 

31 (41.3) 

 

 

0.28 

Diabetes 10 (13.3) 11 (14.7) 
 

0.82 

Hypertension 9 (12.0) 12 (16.0) 
 

0.48 

COPD2 16 (21.3) 20 (26.7) 0.45 

Smoking 14 (18.7) 15 (20.0) 0.84 
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Fever 75 (100) 75 (100) >0.9 

Cough 74 (98.7) 75 (100) 0.32 

Productive cough 60 (80) 55 (73.3) 0.34 

Dyspnea 73 (97.3) 29 (38.7) <0.001 

Flu like syndrome 9 (12.0) 8 (10.7) 0.80 

Hoarseness 23 (30.7) 0 (0) <0.001 

CXR finding 

Consolidation 

Reticulonodular 

Ground glass 

 

22 (29.3) 

              30 (40) 

23 (30.7) 

 

             27 (36) 

32 (42.7) 

16 (21.3) 

0.40 

CXR abnormality  

Unilateral 

Bilateral 

 

              42 (56) 

32 (42.7) 

 

48 (64) 

27 (36) 

0.37 

1Subgroups do not always add up to total due to missing data, 2 Chronic Obstructive Pulmonary 

Disease 

 

Table 5. Clinical and laboratory findings of CAP patients before and after intervention, 

based on treatment group, Qaem Hospital, Karaj, Alborz province, December 2016 to June 

2017. 

Characteristic 

Mean (SD*) 
 

P-value 

Levofloxacin Standard regimen 

**First temperature (̊ C)  38.4 (0.8) 38.5 (0.5) 0.87 

First respiratory rate (per minute) 28.6 (3.1) 19.6 (1.9) 
 

<0.001 

First pulse rate (per minute) 96.7 (9.7) 105.3 (7.7) 

 

<0.001 

First systolic blood pressure 

(mmHg) 
127.1 (20.1) 147.9 (148.3) 

 

0.23 

 

First diastolic blood pressure 

(mmHg) 
76.0 (10.5) 77.8 (13.3) 

 

0.36 

First White Blood Cell (cells/ mcL) 12776.0 (3873.7) 12695.3 (3739.6) 0.90 

First Platelet (cells/ mcL)  37315.1 (97202.4) 243.1 (75.4) 0.001 
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First Creatinine (mg/dL)  1.3 (0.3) 1.2 (0.4) 0.21 

First blood sugar (mg/dL)  151.1 (48. 3) 118.1 (51.6) <0.001 

**Last systolic blood pressure 119.7 (10.8) 123.3 (15.5) 0.11 

Last diastolic blood pressure 73.6 (5.1) 75.0 (10.2) 0.29 

Last temperature 37.2 (0.1) 37.1 (0.3) 0.09 

Last respiratory rate (per minute) 20.5 (1.8) 14.1 (1.6) <0.001 

Last pulse rate (per minute) 82.6 (4.3) 85.5 (6.0) 0.001 

Last White Blood Cell (cells/ mcL) 9098.7 (2025.6) 8655.7 (1717.7) 0.15 

Last Platelet (cells/ mcL) 31105.3 (79677.1) 241.7 (74.2) 0.001 

Last Creatinine (mg/dL) 1.1 (0.2) 1.1 (0.3) 0.40 

Last blood sugar (mg/dL) 131.5 (25.2) 94.6 (20.7) <0.001 

Defeverness (day)  1.4 (0.6) 1.4 (0.6) >0.9 

Admission duration (day)  3.3 (0.70) 3.4 (0.6) 0.15 
*Standard Deviation   ** the “First” means at the admission time and the “Last” was measured 

after the treatment. 

 

Table 6. Adverse drug reactions among CAP patients receiving Levofloxacin versus 

standard regimen, Qaem Hospital, Karaj, Alborz province, December 2016 to June 2017. 

Variables Group Adverse reactions N (%) 

Type of antibiotic side effect  

Levofloxacin 

GI1 2 (2.7) 

Skin rash 1 (1.3) 

CNS2 3 (4.0) 

Standard regimen Skin rash 
 

2 (2.7) 

Severity of antibiotic side effects   

Levofloxacin 

Mild 3 (4.0) 

Moderate 1 (1.3) 

None 69 (92.0) 

Unknown 2 (2.7) 

Standard regimen 
Mild 2 (2.7) 

None 73 (97.3) 
1Gastrointestinal, 2 Central Nervous System 
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DISCUSSION 

In the present study, 750 mg oral Levofloxacin proved as an effective treatment as standard 

combination therapy. In fact, the results suggest that quinolones for CAP patients may yield the 

same level of efficacy as beta-lactams and macrolides. Furthermore, since levofloxacin is 

prescribed as a single, oral, daily dose, patient compliance is much better and would be a better 

choice compared to standard regimen which contains Ceftriaxone as an injectable drug 

prescribed twice daily. Measurement of important factors such as fever, cough, COPD, 

hoarseness, dyspnea and CXR findings in both groups showed similar clinical features at the 

time of admission. In addition, measuring the CAP-related factors such as body temperature, 

WBC count, defeverness and admission duration at the end of the study, showed no significant 

differences between the groups. Therefore, it seems reasonable to assume that the Levofloxacin 

can act as effective as the Ceftriaxone and Azithromycin Combination therapy in CAP treatment.  

Levofloxacin is a fluoroquinolone antibacterial agent with a broad spectrum of activity against 

gram-positive and gram-negative bacteria and atypical respiratory pathogens. It is active against 

both penicillin-susceptible and penicillin-resistant Streptococcus pneumoniae. The prevalence of 

S. pneumoniae resistance to Levofloxacin is less than 1% in the US populations [21]. 

A number of randomized comparative trials in the United States have shown high efficacy of 

Levofloxacin in treatment of respiratory and genitourinary tract, skin and skin structures 

infections. Sequential intravenous or oral Levofloxacin 750 mg once daily for 7-14 days was as 

effective as intravenous Imipenem/Cilastatin 500-1000 mg which is prescribed every six-eight 

hours followed by oral Ciprofloxacin 750 mg twice daily in nosocomial pneumonia. In some 

patients with mild to severe CAP symptoms, intravenous and/or oral Levofloxacin, 500 mg once 

daily for 7-14 days, achieved good clinical and bacteriological response rates similar to those 

with comparator agents, such as Amoxicillin/Clavulanic acid, Clarithromycin, Azithromycin, 

Ceftriaxone and/or Cefuroxime and Gatifloxacin. A recent study indicates that in treatment of 

mild to severe CAP, giving daily 750 mg intravenous or oral Levofloxacin for five days can be 

as effective as giving daily 500 mg for ten days. Exacerbations of chronic bronchitis and acute 

maxillary sinusitis responded well to treatment with 500 mg oral Levofloxacin once daily for 7 

and 10-14 days, respectively [22, 23]. 
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Similar studies have demonstrated that Levofloxacin is associated with clinical improvement 

equal to combination therapy with Ceftriaxone and Azithromycin as the standard regimen in 

CAP treatment. Moreover, duration of patient admission was approximately the same [24]. 

Current guidelines for CAP management in adults recommended both monotherapy (a new 

macrolide or a beta-lactam which usually is a high dose Aminopenicillin) and combination 

therapy (macrolide and beta-lactam) as the first-line drugs in non-hospitalized and hospitalized 

CAP patients [10, 25-27]. Recently, newer fluoroquinolones such as Moxifloxacin, Gatifloxacin 

or Levofloxacin have been recommended as first-line antibiotics in CAP [28-31]. 

Several studies have compared new fluoroquinolones with Amoxicillin, second and third 

generation cephalosporin [32-34] or macrolide, such as Clarithromycin [35-40].  

According to recent American Thoracic Society (ATS) guidelines [41], these findings suggest 

that new quinolones have the same efficacy as beta-lactams alone or in combination with 

macrolides for treatment of hospitalized and non-hospitalized CAP patients [37]. 

Likewise, In a double-blind clinical trial study by A. Torres et al.  the oral Moxifloxacin as a 

first-line option for CAP proved to be as effective as an alternative of mono- or combination 

therapy (Amoxicillin 1g t.i.d. or Clarithromycin 500 mg BD alone or in combination) [37]. 

In another study by Ching-Chi Lee et al. [42], demographics and clinical characteristics 

of 733 adults with poly-microbial or mono-microbial community-onset bacteremia empirically 

treated by an appropriate fluoroquinolone (n=87) or third-generation cephalosporin (n=646) were 

compared. A critical illness, an initial syndrome with severe sepsis or a fatal outcome at 28 days 

was less common in the fluoroquinolone group. A total of 645 (88.0%) patients were febrile at 

initial presentation and the fluoroquinolone group with/without a critical illness had a shorter 

time to defervescence than the third-generation cephalosporin group. By the propensity scores, 

87 patients with appropriate fluoroquinolone therapy were matched with 435 treated by third-

generation cephalosporin therapy at a ratio of 1:5 and there were no significant differences in 

terms of bacteremia severity, comorbidity severity, major comorbidities, causative 

microorganisms and bacteremia sources between groups. Moreover, crude mortality rates at 28 

days did not differ significantly. However, the time to defervescence was shorter in the 

fluoroquinolone group [42]. 
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In another study, 31 patients with CAP entered to the study and used the previous guidelines of 

the American Infectious Disease Association, the American Thoracic Society and the latest 

IDSA/ATS related to CAP for patients’ management with this clinical syndrome. Only 0.2% of 

32 patients had hospital admissions based on the guidelines and standardized guideline 

management was performed in only 18 (58%) of patients. The authors of  present article finally 

put emphasis on adherence to standardized guidelines and evidence-based care [43]. 

In Mikaeilli H et al. study that calculated the patients identified by CAP with Pneumonia 

Severity Index (PSI) scores, on-admission level of serum d-dimer may predict the severity of 

community-acquired pneumonia [44] and a similar study by Saleh P et al. revealed that on-

admission serum qCRP is well-correlated with PSI in the hospitalized patients with pneumonia 

and, it can be used as a predicting marker of short-term prognosis [45]. Another study by Naini 

SE et al. about PSI scoring suggests this scoring system as an index to assess the prognosis of 

death [46].  

The duration of antibiotic therapy for patients with CAP is recommended to be 7-10 days or even 

longer [25, 47-50]. In a study of CAP caused by atypical pathogens, 5 day therapy with a new 

fluoroquinolone was as effective as 10 day therapy [51]. The fast resolution of clinical symptoms 

in our study support the hypothesis that for patients with mild to moderate disease, short-term 

treatment could be a feasible and safe therapy option.  

CONCLUSION 

Even though Levofloxacin could be a reasonable alternative for empirical treatment of 

community-onset bacteremia in the hospital setting, our finding may not be generalized to other 

regions where fluoroquinolone resistance is substantial. Furthermore, we only investigated short-

term benefits of fluoroquinolone therapy during four weeks after disease onset and the long-term 

effects of fluoroquinolone therapy remained obscure.  

The present study proved that oral monotherapy with Levofloxacin is as effective as the standard 

regimen for mild to moderate CAP treatment in hospitalized patients.  

The results advanced the existent knowledge regarding the CAP treatment and could guide the 

future practices and clinical decisions. In addition, it could assist the physician in formulating an 

appropriate therapeutic plan in similar settings when resistance Streptococcus species are 

suspected in CAP patients. 

CURRENT & FUTURE DEVELOPMENTS 
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Substitution of monotherapy instead of using multi drugs in the treatment of infectious diseases 

is considered more pleasant for patients, cost-effective and less invasive so it has stimulated the 

research activity in this field. Therefore, many new monotherapy regimens have been made and 

patented, but still, there are new aspects to explore and work on. 
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