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  Abstract   Lung cancer treatment strategy relies on an accurate 
staging of the disease and a careful evaluation of patient 
characteristics, including capability of undergoing and tolerating 
a de fi ned treatment plan. Therefore, a solid knowledge on 
all intervention-related adverse events and drug toxicities is 
essential for a reliable decision-making process. 

 Most lung cancer patients are diagnosed at an advanced 
stage of the disease, correlated with a dismal prognosis. 
Systemic therapy is the mainstay, and drug selection still 
strongly relies on expected toxicity pro fi le. This chapter  fi rst 
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describes the drug standard options and their respective toxicities 
in this context. Side effects of more complex multimodality 
combined treatments of early non–small-cell lung cancer as 
well as small-cell lung cancer, usually involving use of the 
same cytotoxic agents jointly with surgery and radiotherapy, 
are discussed in the second part of this chapter.  

  Keywords   Non–small-cell lung cancer  •  Small-cell lung cancer   
 Side effects  •  Tyrosine kinase inhibitor (TKI)  •  Platinum doublets  
 Combined modalities      

   Non–Small-Cell Lung Cancer 

 Lung cancer is the most common malignancy and the leading 
cause of human cancer deaths worldwide. Lung cancer deaths 
have begun to decline in men, re fl ecting a decrease in smoking; 
in contrast, it has become the main cause of cancer deaths in 
women in developed countries  [  1  ] . Seventy- fi ve percent of 
patients are symptomatic at the time of diagnosis. The majority 
of patients with non–small-cell lung cancer (NSCLC) present 
at an advanced stage of the disease, with a poor prognosis and 
the absence of any curative option. For earlier-stage disease, 
essentially stages I and II (cT1a cN0 to cT2b cN1, according 
to the seventh edition of the TNM staging system), upfront 
surgery, followed by adjuvant chemotherapy for stage II and 
selected IB patients, offers the best chances for long-term 
survival. In stage IV, systemic palliative treatment is recom-
mended with a series of targeted agents that constitute potential 
new treatment options, as they have shown promising results 
in a subset of selected NSCLC patients. 

   Systemic Therapy in Advanced NSCLC 

 Decisions regarding systemic therapy for advanced NSCLC have 
traditionally been based on performance status of the patients, 
comorbidities, expected toxicity pro fi le, and patient preferences. 
While this still holds true, recent developments mandate that one 
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take additional information into account, namely, tumor histology 
differentiating non-squamous from squamous cell lung cancer as 
well as molecular tumor characteristics. 

   First-Line Systemic Therapy for Advanced NSCLC 

   Adenocarcinoma 

 In the past few years, treatment of metastatic adenocarcinoma 
of the lung has changed remarkably. Until a few years ago, 
adenocarcinoma patients were treated with standard NSCLC 
chemotherapy, irrespective of any histologic consideration. 
Nowadays patient selection has become mandatory in order to 
customize treatment. For adenocarcinoma, the ESMO guide-
lines recommend the analysis of EGFR (epithelial growth fac-
tor receptor) mutational status before making decisions about 
the frontline therapy  [  2  ] . In the presence of activating muta-
tions, tyrosine kinase inhibitors (TKIs), namely, ge fi tinib  [  3,   4  ]  
or erlotinib  [  5–  7  ] , are recommended, because they have been 
associated with a higher response rate and a signi fi cantly better 
progression-free survival as compared to chemotherapy. 

 In the absence of activating mutations, a platinum-based 
combination with pemetrexed is preferred. Pemetrexed com-
bined with cisplatin was associated with a better tolerability 
and better overall survival compared to a gemcitabine com-
bined with cisplatin  [  8  ] . Cisplatin, if possible, should be pre-
ferred as frontline therapy owing to improved progression-free 
survival and overall survival when compared to carboplatin 
based on large meta-analyses  [  9  ] . A platinum-based doublet 
regimen with the addition of bevacizumab can also be 
 considered, particularly in combination with carboplatin and 
paclitaxel  [  10,   11  ] .  

   Squamous Cell Carcinoma 

 The combination of a platinum-based therapy with gemcitabine 
can be considered as a  fi rst choice, but other doublets appear to 
be equally effective  [  12  ] . Molecular analysis of squamous cell 
lung cancer has not yet entered routine practice.   



122 S. Zimmermann et al.

   Second-Line Systemic Therapy for Advanced NSCLC 

 With the exception of patients with an EGFR-mutated tumor 
receiving  fi rst-line erlotinib or ge fi tinib, second-line therapy 
usually consists of monotherapy with either docetaxel or erlotinib 
or, for patients with non-squamous NSCLC, pemetrexed, if it 
is not administered as  fi rst-line therapy. For patients with 
adenocarcinoma and an ALK gene rearrangement, the 
tyrosine kinase inhibitor crizotinib is emerging as a promising, 
and probably future standard, option  [  13  ] .  

   Palliative Radiotherapy 

 Palliative radiotherapy might be required to treat painful 
metastasis (bone, skin, soft tissue) and local complications 
due to metastasis (e.g., CNS or spinal cord compression) or 
related to the primary tumor (hemoptysis, vena cava com-
pression, atelectasis due to bronchial obstruction). Usually, 
the relatively low dose delivered in this setting and the limited 
 fi eld extent strongly limits this strategy’s toxicity, which con-
sists mainly of local in fl ammation-related symptoms and 
fatigue. A rare side effect is the radiation recall syndrome 
(RRS), an in fl ammatory skin reaction that occurs in a previously 
irradiated body part following drug administration. This 
 phenomenon may occur from days to years following exposure 
to ionizing radiation.  

   Side Effects of Agents Used for the Systemic 
Treatment of Advanced NSCLC 

   Clinical Side Effects of Tyrosine Kinase Inhibitors 

 The currently used EGFR TKIs, erlotinib and ge fi tinib, may 
be given for long periods in patients with sensitizing EGFR 
mutations and therefore might be associated with chronic 
side effects. The most common are cutaneous and gastrointes-
tinal toxicities. Grade 1–2 cutaneous side effects have been 
reported in more than 60 % of patients, and grade 3–4 in 
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about 15 % of patients. These include folliculitis, which can be 
treated, if moderate, with topical antibiotics and systemically 
with tetracyclines (e.g., doxycycline 100 mg/day) in case of 
widespread lesions. Other typical cutaneous side effects are 
hair changes (as trichomegaly) and paronychial in fl ammation. 
This disorder can progress from erythema to painful lateral 
nail fold pyogenic granuloma-like lesion. As prevention, the 
patient should be advised to avoid trauma to the parony-
chium. In case of advanced lesions, antiseptic treatments 
should be applied and bacterial cultures should be sampled, 
if a bacterial infection is suspected. The use of steroid for 
cutaneous side effects remains controversial  [  14  ] . 

 The most common gastrointestinal side effects of TKIs are 
diarrhea, described in about 10 % of patients and commonly 
treated with loperamide, and nausea  [  15  ] . Fatigue has been 
also reported in 5–15 % of patients  [  16  ] . Infrequent but 
potentially fatal complications include an acute interstitial 
lung disease (ILD) and acute hepatitis; treatment of these 
side effects includes high-dose steroids  [  17,   18  ] .  

   Clinical Side Effects of Chemotherapy 

   Cisplatin 

 The most common side effects of cisplatin include nausea and 
fatigue, as well as neurotoxicity and ototoxicity, which have 
been known to sometimes last several weeks or months after 
treatment; neurotoxicity potentially can worsen after the end 
of treatment. Myelosuppression due to cisplatin occurs in 
about 50 % of patients and is generally mild, with only 10 % of 
patients experiencing grade 3–4 toxicity  [  19,   20  ] . To date there 
is no indication for prophylactic antibiotics or granulocyte col-
ony-stimulating factor (G-CSF) therapy in patients receiving 
cisplatin-based chemotherapy. Nausea and vomiting occur very 
frequently; therefore, prophylactic therapy with a three-drug 
regimen including single doses of a 5-HT 3  receptor antago-
nist, dexamethasone, and aprepitant is recommended  [  21  ] . 
Ototoxicity characterized by a dose-dependent sensorineural 
hearing loss with tinnitus has been described to affect 15–20 % 
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of patients. Prevention of this complication includes a hearing 
assessment before treatment in order to exclude patients with 
hearing diseases from cisplatin-based chemotherapy. If it occurs 
during treatment, the recommendation is to discontinue cisplatin 
and to use alternative agents  [  22  ] . 

 Nephrotoxicity may result from a direct effect of cisplatin 
to tubular epithelial cells as well as from vasoconstriction in 
the renal microvasculature and proin fl ammatory effects, 
leading to a renal function impairment and electrolyte altera-
tion. In order to prevent this complication, intravenous isotonic 
saline before and after the treatment must be administered. 
Treatment of nephrotoxicity includes the discontinuation of 
cisplatin and the management of acute renal dysfunction or 
renal failure as for other diseases.  

   Carboplatin 

 Carboplatin was developed to provide a less toxic, more convenient 
alternative to cisplatin. However, hematologic toxicity is 
more pronounced than with cisplatin, including severe neu-
tropenia, anemia, and thrombocytopenia  [  9,   23  ] . The use of 
prophylactic G-CSF might be considered when carboplatin is 
combined with taxanes. Ototoxicity, neurotoxicity, and renal 
toxicity occur less frequently with carboplatin compared to 
cisplatin, but electrolyte disorders can occur in about 5 % of 
patients. Nausea or vomiting are largely less intense than with 
cisplatin; the combination of palonosetron plus dexametha-
sone prophylaxis is generally suf fi cient for prevention. Of 
note is the occurrence of allergic infusion reactions reported 
in up to 15 % of patients; interestingly, these develop more 
often in patients who have been extensively treated with this 
medication  [  24  ] . Recurrence of such reactions at readminis-
tration of carboplatin can be successfully prevented with 
desensitization procedures.  

   Pemetrexed  [  8,   25,   26  ]  

 Pemetrexed is generally part of the  fi rst-line treatment for 
adenocarcinoma. The most common side effect of pemetrexed 



125Chapter 3. Lung Cancer

is myelotoxicity. The administration of vitamin B12 concurrent 
with folate acid has reduced its hematotoxicity to a very mod-
erate level, with grade 3 and 4 neutropenia occurring in only 
about 15 % of patients. Nausea and vomiting have been 
reported in less than 5 % of patients. A common grade 1–2 
side effect is constipation.  

   Bevacizumab  [  11  ]  

 The most common grade 3 or higher events reported with 
bevacizumab are thromboembolic events (5 %), bleeding 
(epistaxis, hemoptysis, CNS hemorrhage, 2–3 %), gastrointestinal 
perforation (1 %), hypertension (5–8 %), and proteinuria 
(3–6 %). Myelotoxicity is almost nonexistent as monotherapy; 
a slightly higher rate of neutropenia, febrile neutropenia, and 
thrombocytopenia has been reported when it is combined with 
chemotherapy as compared to chemotherapy alone  [  27,   28  ] . 

 Renal toxicity is a rare but possible fatal side effect due to 
renal thrombotic microangiopathy and interstitial nephritis, 
leading to proteinuria and acute kidney injury. Clinically, the 
most important side effect is hypertension due to the produc-
tion of nitric oxide as well as increase of vascular resistance 
through the inhibition of new blood vessel formation, as 
observed as a drug class effect also with other antiangiogenic 
molecules. Hypertension has been reported as grade 1–2 in 
about 15 % of patients and in 2–10 % as grade 3–4  [  29,   30  ] . 
To date, there are no guidelines for treatment of hyperten-
sion in these patients; however, there are controversies 
regarding the use of calcium antagonists in this setting  [  31,   32  ] . 
Determination and management of blood pressure during 
therapy, with a goal of less than 140/90 mmHg for most 
patients, in patients with speci fi c preexisting cardiovascular 
risk factors is recommended.  

   Gemcitabine  [  33,   34  ]  

 Toxicity of gemcitabine is generally mild and reversible after 
discontinuation of medication. The most common side effects 
are  fl u-like symptoms in about 50 % of patients, with fever or 
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arthralgia. Edema (e.g., ankles) is also often observed and 
does not correlate with renal or cardiac dysfunction  [  35  ] . 
Grade 3–4 myelosuppression occurs frequently, including 
anemia (5 %), thrombocytopenia (1 %), leukopenia (7 %), 
and neutropenia (22 %), rarely resulting in neutropenia-related 
infection. Grade 3–4 liver toxicity can be detected in up to 
10 % of patients. Nausea and vomiting often occur but are of 
low grade and can be prevented with a single antiemetic 
agent such as dexamethasone, a 5-HT 3  receptor antagonist, or 
a dopamine receptor antagonist. Of note are a few cases of 
severe lung toxicity, with a frequency varying in several 
reports from 0.1 to 5 %  [  36  ] .  

   Docetaxel  [  25,   37,   38  ]  

 The most common side effects of docetaxel are myelotoxicity 
and fatigue. The rate of grade 3 or 4 neutropenia due to docetaxel 
varies from 40 to 60 % (according to dosage), and the risk of 
neutropenic fever is described in 3 % of patients. These 
results led to the consideration of adopting a prophylactic 
therapy with G-CSF, which to date is recommended in 
patients who had experienced a clinically signi fi cant neutro-
penic event with a previous cycle. Nonhematologic toxicities 
included alopecia, mild nausea and vomiting, and allergic 
manifestations such as skin rash and pruritus; therefore, pre-
treatment with steroids is recommended. Rare hypersensitivity 
reactions to docetaxel can be overcome with desensitization 
procedures.     

   Treatment of Early NSCLC 

   Surgery 

 Lobectomy and systematic lymph node dissection is considered 
standard therapy for early (stage I and II) NSCLC. Sublobar 
resection in the form of anatomical segmentectomy may lead 
to equivalent survival rates among patients with stage I 
NSCLC less than 1 cm in size, and is associated with fewer 
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complications and better postoperative lung function  [  39  ] . 
Large wedge resections may be an option for patients who 
cannot tolerate a lobectomy because of severely compro-
mised pulmonary function, advanced age, or other signi fi cant 
comorbidity, but they do not represent a standard of care. 

 Thirty-day mortality rate after lobectomy is expected to be 
lower than 2 % in high-volume hospitals  [  40  ] . Pretreatment 
pulmonary functions tests are well-known predictors of surgi-
cal risk  [  41–  43  ] . 

 Anatomical resections are currently performed according 
to the Bolliger and Miller algorithms that are based on forced 
expired volume in 1 second (FEV1) and lung carbon mon-
oxide diffusion capacity (DLCO). Percentage of predicted 
FEV1 and DLCO values were shown to correlate with patient 
outcome (hospital and overall mortality) in patients under-
going resections. Postoperative complications and mortality 
were also shown to be correlated, even with a large variability, 
to hospital volume and surgeon skills  [  44  ] . Pneumonectomy is 
seldom indicated in stage I and II NSCLC, but it is associated 
with a higher operative mortality rate, especially for right 
pneumonectomy  [  45  ] . 

 Minimally invasive video-assisted lobectomy was shown to 
be equivalent to open lobectomy in terms of locoregional 
recurrences. Data suggest a reduced systemic recurrence rate 
and an improved 5-year mortality rate, but since most studies 
were not randomized, the effect of case selection is dif fi cult 
to ascertain, even if highly probable  [  46  ] . Complete mediasti-
nal lymphadenectomy adds little morbidity to a pulmonary 
resection for lung cancer and possesses a prognostic impact 
 [  47,   48  ] . 

 A consistent proportion of patients undergoing lung resec-
tion exhibit an important postoperative worsening in their 
QoL: 28 % in the physical component summary and 15 % in 
the mental component summary. Patients with a better preop-
erative physical functioning and those with worse mental 
health scores were those at higher risk of a relevant physical 
deterioration. Patients with a lower predicted postoperative 
forced expiratory volume in 1 second (ppoFEV1) and higher 
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preoperative scores of social functioning and mental health 
were those at higher risk of a relevant emotional deterioration. 
Compared with the general population, nearly half of the 
patients displayed a depressed physical and emotional status 3 
months after surgery  [  49  ] . The extent of resection, age, and 
adjuvant therapy was associated with a clinically relevant 
decline in the physical aspect of health-related quality of life 6 
months after surgery  [  50  ] .  

   Adjuvant Chemotherapy 

 Despite optimum surgical management, the 5-year survival rate 
of resected NSCLC ranges from 25 to 75 % according to patho-
logic stage. A large meta-analysis by the NSCLC Collaborative 
Group suggests an absolute improvement in 5-year survival with 
platinum-based chemotherapy of 5 % (2–7) for stage IB (from 
55 to 60 %), 5 % (3–8) for stage II (from 40 to 45 %), and 5 % 
(3–8) for stage III disease (from 30 to 35 %)  [  51  ] . Another large 
meta-analysis showed a detrimental effect of adjuvant chemo-
therapy in stage IA NSCLC  [  52  ] . The most commonly used regi-
mens are cisplatin in combination with vinorelbine or etoposide. 
Cisplatin and vinorelbine adjuvant chemotherapy is associated 
with frequent hematologic toxic effects, including high-grade 
neutropenia in 85 % of patients. Common nonhematologic 
effects include asthenia and nausea or vomiting. There are 
approximately 2 % treatment-related deaths, mainly from septic 
shock  [  53  ] . Overall, compliance and, as a consequence, dose-
intensity and total dose of adjuvant chemotherapy are disap-
pointing. Altogether, 59 % of patients receive at least 240 mg/m 2  
of cisplatin, this parameter being potentially more important 
than the choice of the second compound  [  52  ] . Regarding chemo-
therapy strategy, 14 % of patients received only one cycle and 
10 % only two cycles, mainly because of patient refusal (35 %), 
toxicity (34 %), and early death or progression (9 %). The 
median delay between surgery and the start of chemotherapy 
was 39 days (>60 days in 7 % of patients)  [  52  ] . 

 The bene fi cial effect of adjuvant chemotherapy on recur-
rences does not decrease with longer follow-up, and there is no 
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increase in the number of secondary malignancies potentially 
related to a carcinogenic effect of chemotherapy. However, the 
maintained bene fi cial effect of preventing lung cancer deaths 
contrasts with a probable chemotherapy-induced increase in 
non-lung cancer mortality after 5 years that can decrease but 
not nullify the bene fi cial effect of adjuvant therapy  [  54  ] . 
Statistically signi fi cant causes of non-cancer deaths after cispl-
atin-based chemotherapy in the non-lung cancer setting were 
infections and circulatory and respiratory diseases  [  55  ] .  

   Postoperative Radiotherapy 

 Postoperative radiotherapy has a deleterious effect on 
patients with early stages I and II  [  56,   57  ] . In contrast with N2 
disease, where the PORT-induced morbidity might be out-
weighed by the presence of residual microscopic disease, 
treated by radiotherapy, in patients with N0 and N1 disease, 
this bene fi t is not reproduced. With the limitation related to 
the availability of retrospective data only, where confounding 
factors in patient selection may have biased this interpreta-
tion, radiotherapy-related toxicity is probably one of the fac-
tors involved in this negative impact of PORT.    

   Small-Cell Lung Cancer 

 Small-cell lung cancer (SCLC) accounts for approximately 
15 % of primary lung carcinoma. It is invariably associated 
with tobacco exposure and is characterized by rapid tumor 
doubling time and early development of metastases. Less 
than 10 % of patients are asymptomatic at diagnosis. Of all 
histologic subtypes of lung cancer, SCLC is the most sensitive 
to chemotherapy and radiotherapy, but prognosis remains dis-
mal  [  58  ] . Staging of SCLC is made according to the 7th TNM 
classi fi cation and according to a two-stage system developed 
by the Veteran’s Administration Lung Cancer Study Group, 
dividing patients into limited (stages IA to IIIB) or extensive 
(stage IV) stage disease. Limited disease is thus de fi ned as 
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disease con fi ned to one hemithorax (i.e., disease that can 
be included in a “tolerable” radiation  fi eld). Approximately 
one-third of patients present with clinical de fi nition of “limited 
disease,” but most of these patients already present with sub-
clinical metastatic disease. 

   Extensive Disease 

 Chemotherapy is the mainstay of treatment for patients with 
SCLC because of this proclivity for early dissemination. 
Standard chemotherapy in Caucasian patients consists of 
cisplatin and etoposide, having been proven equivalent and 
more tolerable than older regimens such as cyclophosphamide, 
doxorubicin, and vincristine  [  59  ] . 

 Toxicity is mainly hematologic, especially neutropenia, 
30–40 % being grade 3–4. Granulocytopenia can be effectively 
prevented with recombinant granulocyte colony-stimulating 
factor (G-CSF). Nonhematologic toxicity is essentially gastro-
intestinal, with little high-grade nausea or vomiting. All other 
clinically signi fi cant nonhematologic toxicities, excluding alopecia, 
were present in fewer than 4 % of patients.  

   Limited Disease 

 The standard treatment for limited disease SCLC is combined-
modality therapy consisting of thoracic radiotherapy and systemic 
chemotherapy. Two meta-analyses have shown an improve-
ment of survival in patients who received chest irradiation in 
addition to chemotherapy compared to those receiving chemo-
therapy alone  [  60,   61  ] , with an aim for long-term remission for 
a small fraction (15–25 %) of these patients. The optimal timing 
of radiotherapy, either concurrent or sequential, remains 
somehow unsettled, with compelling evidence that early radio-
therapy concurrent with platinum-based chemotherapy is 
superior to sequential radiotherapy  [  62,   63  ] . 

 The addition of concurrent radiotherapy to chemotherapy 
results in more increased myelosuppression than that 
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observed with sequential treatment, with 88 versus 54 % 
high-grade leukopenia, respectively  [  64  ] . 

 G-CSF has been controversial in this setting, with some 
authors advocating that primary prophylaxis with G-CSF is 
not indicated during chemoradiotherapy to the chest due to 
the increased rate of bone marrow suppression associated 
with an increased risk of complications and death  [  65  ] . 
Nonhematologic toxicities are similar, with a trend toward 
more infections and esophagitis. The incidence of severe 
pneumonitis is not signi fi cantly different between early and 
late chest radiotherapy, ranging between 2 and 17 % in stud-
ies with platinum-based chemotherapy. Treatment of choice 
consists of oral corticosteroids. The fractionation of radio-
therapy might also play a role, with one trial showing a survival 
advantage with twice-daily versus once-daily radiotherapy, 
albeit with unequal biologic effective dose  [  66  ] . Hyper-
fractionated radiotherapy resulted in signi fi cantly more 
esophagitis than once-daily fractionation and may occasionally 
mandate tube feeding.  

   Prophylactic Cranial Irradiation 

 Patients responding to  fi rst-line treatment, irrespective of 
stage, are usually offered prophylactic cranial irradiation 
(PCI), which has been shown to increase survival and markedly 
reduce the cumulative incidence of brain metastases both in 
patients with limited or extensive stage disease  [  67,   68  ] . 

 PCI results in signi fi cantly more early and late (at 6 weeks 
and 3 months, respectively) fatigue, early and late appetite loss, 
nausea and vomiting, and early and late leg weakness  [  68  ] . 

 Long-term toxicities and particularly cognitive de fi cits are 
dif fi cult to assess, and trials yield con fl icting results. A higher 
total dose of 36 Gy resulted in signi fi cant deterioration in 
neurologic function (de fi ned as a decrease in any neuropsy-
chological test) and increased chronic neurotoxicity (de fi ned 
as deterioration in at least one neurocognitive test without 
documentation of brain metastases) as compared to a lower 
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total dose of 25 Gy – without any bene fi t in terms of mortality 
and a higher incidence of subsequent brain metastases  [  69  ] . 
Other trials reported a negative impact on early quality of life 
and a limited negative impact on functioning scales of PCI, with 
a maximum difference in role, emotional, and cognitive func-
tioning between 6 weeks and 3 months, then decreasing  [  70  ] .  

   Second-Line Therapy 

 Relapsing patients are offered second-line chemotherapy 
with the goal of survival improvement and preservation of 
quality of life. Oral and intravenous topotecan are classical 
compounds in the second-line setting. Oral topotecan extends 
overall survival even in patients with short (<60 days) treat-
ment-free interval and delays deterioration of quality of life 
as compared to placebo  [  71  ] . Toxicity from oral topotecan is 
mainly hematologic, with 60 % of patients presenting with 
high-grade neutropenia. The most frequent nonhematologic 
toxicities are diarrhea and fatigue. There were fewer early 
deaths (<30 days) and greater likelihood of achieving symp-
tom improvement for all symptoms, including shortness of 
breath, sleep interference, and fatigue.       
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