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Anaplastic thyroid carcinoma (ATC) accounts for only 1 to 2% of all thyroid carcinomas, but it is one of

the most lethal neoplasms in humans. To obtain further insights into this ”orphan disease,” we have es-

tablished the ATC Research Consortium of Japan (ATCCJ) in 2009. It represents a multicenter registry

for ATC that have been treated in Japan. To date, 67 institutions have taken part in the collaborative re-

search system and over 1,200 cases have been accumulated in its database. Using this big data, several

retrospective studies were carried out to evaluate 1) prognostic factors to determine initial treatment

policy, 2) significance of extended radical surgery for Stage IVB cases, 3) characteristics of ATC inciden-

tally found on pathological examination and 4) pathological features of ATC with long-term survival.

Moreover, the ATCCJ has conducted an investigator-initiated, nationwide, prospective clinical trial since

2012; namely, the feasibility, safety and efficacy study of weekly paclitaxel administration for patients

with ATC (UMIN: 000008574). Revised Japanese guidelines for treatment of thyroid tumors are going to

adopt the recommendations from the results of this research. Since 2016, the ATCCJ has started the

phase II study assessing the efficacy and safety of lenvatinib, a newly developed tyrosine kinase inhibi-

tor for ATC (UMIN: 000020773). Our nationwide clinical trial network will strengthen the activity to re-

cruit orphan disease patients and may discover new strategies to conquer this dismal malignancy in the

near future. (J Nippon Med Sch 2018; 85: 18―27)
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Introduction

Anaplastic thyroid carcinoma (ATC) is uncommon and

represents only 1―2% of all thyroid carcinomas, but ac-

counts for 14―39% of thyroid cancer deaths1,2. ATC is one

of the most lethal neoplasms in humans, with a dismal

prognosis as 5―20% of one-year survival. The aggressive

nature and rarity of this disease make it difficult to im-

prove the quality of evidence with regard to ATC. So far,

most existing knowledge about ATC is derived from

single-institution studies with limited numbers of cohorts

and short-term follow-up. To obtain further insights into

this ”orphan disease”, we established the ATC Research

Consortium of Japan (ATCCJ) in January 2009. Objectives

of the multi-institutional collaborative study group were

(1) to create a multi-center database that accumulates all

information for ATC available in Japan, (2) to carry out

retrospective studies that analyze the big data, (3) to con-

duct prospective studies including clinical trials to evalu-

ate controversial or novel strategies, and (4) to revise

guidelines based on new evidence. Our ultimate goal is

to improve the treatment outcome of patients with ATC.

To date, 67 institutions have taken part in the ATCCJ

and over 1,200 cases have been registered in its database.

The ATCCJ has reported several retrospective studies us-

ing the database to upgrade evidence about the manage-

ment of ATC. In addition, we have conducted
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Fig.　1　Cause-specific survival curves for each clinical type of anaplastic thyroid 

carcinoma

investigator-initiated, nationwide, prospective clinical tri-

als. Revised Japanese guidelines for the treatment of thy-

roid tumors are going to adopt these recommendations.

In this review, we introduce our achievements and future

directions to conquer this dismal malignancy.

Overall Treatment Outcomes for ATC

In 2012, we reported the treatment outcomes of a cohort

of 677 ATC patients treated at 38 institutions during the

14-year period between 1995 and 20083. Thirty-three pa-

tients for whom diagnosis was not achieved by patho-

logical or cytological examination (i.e., only by clinical

presentation) were excluded from the study. Clinical va-

rieties of ATC were classified into the 4 following types:

common type (n=547); incidental type (n=29); anaplastic

transformation at the neck lymph node(s) (n=95); and at

a distant site (n=6). Incidental ATC was largely differenti-

ated thyroid carcinoma (DTC) accompanied by a minute

(1―2 cm) region of ATC, and anaplastic transformation

type was ATC at a site other than the thyroid gland,

which was associated with previous or concomitant DTC

at the thyroid.

Survival curves for each clinical type of ATC are

shown in Figure 1. As for 547 patients with common

type ATC, there were 208 males and 339 females (1 : 1.6)

and mean age was 68.7±11.0 years (range: 28 to 100).

Their mean survival time (MST) was 113 days (range: 1

to 4,174) and 6-months and 1-year cause-specific survival

(CSS) rate were 36% and 18%, respectively. Patients with

incidental ATC showed significantly better outcomes

than other types (p<.0001). Survival for anaplastic trans-

formation at the neck lymph node(s) was also better than

that for common type (p=.0082). Anaplastic change at a

distant site had the worst prognosis (p<.0001 compared

to common type).

Prognostic Factors for Common Type ATC

Some ATC patients survive a fairly long time after ag-

gressive multimodal treatment combining radical surgical

resection, sufficient dose of external-beam radiation ther-

apy (RTX) and some kind of chemotherapy (CTX); how-

ever, radical treatment may worsen the quality of life

(QOL) and occasionally even shorten survival. Selecting

patients who will benefit from either aggressive therapy

or only supportive care is important in the management

of ATC. In 2001, Sugitani et al. devised a ”prognostic in-

dex” (PI) based on the number of 4 unfavorable prognos-

tic factors present in the patient with ATC4. The factors

were (1) acute symptoms (duration of severe complaints

such as dysphonia, dysphagia, dyspnea, and rapid

growth of the tumor <1 month); (2) leukocytosis (white

blood cell count �10,000/mm3); (3) tumor size >5 cm, and

(4) distant metastasis. In the original study, patients with

PI�1 showed a 62% survival rate at 6 months, whereas

no patients with PI�3 survived longer than 6 months. All

patients with PI=4 died within 3 months. They recom-

mended attempting multimodal treatment for patients

with PI�1, while avoiding aggressive treatment to main-

tain QOL for patients with PI�3. Adopting the PI

prospectively, Orita et al. evaluated the validity of PI and
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Fig.　2　Cause-specific survival curves for each UICC stage of anaplastic thyroid 

carcinoma

Table　1　Multivariate analysis of prognostic factors in pa-

tients with common-type ATC

Risk factors
Hazard 

ratio
95% confidence 

interval
p

Age ≥70 years 1.28 1.04―1.58 0.020

Male 1.09 0.88―1.36 0.42

Acute symptoms 1.34 1.06―1.69 0.014

Leukocytosis 1.48 1.18―1.87 0.0008

Hypercalcemia 1.29 0.81―2.05 0.29

T>5 cm 1.42 1.12―1.81 0.0037

T4b 1.47 1.11―1.96 0.0079

N1 1.17 0.93―1.47 0.19

M1 1.83 1.48―2.27 <0.0001

the therapeutic strategy in 2012. Compared to the histori-

cal control, prospective cases with PI�1 underwent multi-

modal treatment more frequently and showed signifi-

cantly better survival. For PI�3 patients, survival rates

were equally dismal; however, the numbers of patients

who underwent tracheostomy or died from local disease

were significantly lower compared to the previous cases.

They concluded that PI was a useful tool in predicting

the prognosis and choosing the proper therapeutic strat-

egy for individual patients5.

Using the ATCCJ database, multivariate analysis of

prognostic factors was carried out for survival of the 547

patients with common-type ATC. The T classification

(T4a: tumor limited to the thyroid; T4b: tumor extending

beyond the thyroid capsule) and staging (IVA: T4a Any

N M0; IVB: T4b Any N M0; IVC: Any T Any N M1) were

determined in accordance with the 7th edition of the Un-

ion for International Cancer Control (UICC) classification

system. As shown in Table 1, age �70 years, T4b tumor

and all 4 factors for PI were confirmed to be significant

risk factors for cause-specific death from ATC. CSS

curves for each UICC stage are shown in Figure 2. MST

and 6-month CSS rate were 236 days and 60% for stage

IVA; 147 days and 45% for stage IVB and 81 days and

19% for stage IVC, respectively (p<.0001). When applying

PI to the ATCCJ database, MST and 6-month CSS were

also significantly different between groups (p<.0001): 274

days and 81% for PI=0; 226 days and 61% for PI=1; 140

days and 37% for PI=2; 85 days and 17% for PI=3; and

54 days and 11% for PI=4.

In determining the appropriate treatment strategy for

patients with ATC, consideration should be given to both

UICC stage as an indication of disease extent and other

prognostic factors representing the grade of biological

malignancy. For patients who have few risk factors and

can expect longer survival, intensive treatment is recom-

mendable to pursue the best survival results. On the

other hand, for patients who cannot anticipate good sur-

vival results from the analysis of prognostic factors, ag-

gressive therapies are likely to markedly worsen QOL

and even occasionally shorten survival. For such patients,

it is justifiable to use the best supportive care and local

disease control to maintain quality of survival and to

prevent death from suffocation, dysphagia and bleeding,

despite the lack of survival benefit.
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Fig.　3　Survival curves for each surgical group

Group R: patients who underwent restricted radical sur-

gery

Group S: patients who underwent super-radical surgery

Group P: patients who underwent palliative surgery

Group N: patients who underwent no surgery

Effectiveness of Each Treatment Modality

for Respective Stages of ATC

In terms of multimodal treatment for ATC, adequate

combinations and sequences of therapy for prolonged

survival have not yet been sufficiently clarified6―9. As for

the relationship between treatment methods and out-

comes in patients with common-type ATC, radical sur-

gery compared to no or palliative surgery (hazard ratio

[HR]: 0.35; 95% confidence interval [CI]: 0.28―0.43; p

<.0001), �40 Gy of RTX compared to no or <40 Gy RTX

(HR: 0.46; 95% CI: 0.38―0.56; p<.0001) and any CTX com-

pared with no CTX (HR: 0.63; 95%CI: 0.52―0.76; p<.0001)

were associated with significantly better outcomes.

We investigated the effects of adjuvant therapies in-

cluding RTX and CTX on patients who underwent radi-

cal surgery. For stage IVA patients, although the benefit

from additional therapies was not significant, patients

who underwent RTX after radical surgery tended to

show better (HR: 0.37; 95% CI: 0.12―1.13; p=.081) out-

comes than those who only underwent radical surgery.

As for stage IVB patients who received radical surgery,

adjuvant multimodal therapy with both RTX and CTX

significantly improved CSS compared to radical surgery

only or surgery with RTX (HR: 0.45; 95% CI: 0.25―0.81; p

=.0083).

Super-radical Surgery on Stage IVB ATC

Locally curative resection is considered to be the corner-

stone for longer survival for patients with ATC10. Unfor-

tunately, most ATCs infiltrate beyond the thyroid capsule

and invade adjacent vital organs. Thus, complete resec-

tion of all gross disease without sacrificing vital struc-

tures can be performed only in a particular subset of pa-

tients with localized disease. The indication of super-

radical surgery including full-thickness resection of the

trachea, larynx, and/or esophagus is controversial. Using

the ATCCJ database, we carried out a retrospective study

examining the efficacy of super-radical surgery on stage

IVB common-type ATC11.

Here, super-radical surgery was defined as: (1) seg-

mental or total resection of the trachea/larynx or esopha-

gus/pharynx; (2) mediastinal operation with osteotomy;

or (3) resection of the major cervical arteries. Resection of

the recurrent laryngeal nerve, shaving of the tracheal

wall or muscle layer resection of the esophagus were not

included. Restricted radical surgery represented curative

resection by means of thyroidectomy and cervical lymph

node dissection, occasionally including resection of the

muscles, veins, recurrent laryngeal nerve and/or superfi-

cial shaving of the aerodigestive tract. Palliative resection

denoted reduction surgery with macroscopically evident

residual tumor. Among patients with common-type ATC,

233 patients were in stage IVB (43%). Out of these, 23 pa-

tients underwent super-radical surgery (group S); 49 re-

ceived restricted radical surgery (group R); 72 had pallia-

tive surgery (group P) and 80 patients got no surgery

(group N). Procedures of super-radical surgeries were to-

tal pharyngo-laryngectomy in 12; total laryngectomy in 6;

tracheal resection in 3; esophageal resection in 1 and me-

diastinal operation in 3 (2 of them were combined with

other procedures).

Treatment outcomes are shown in Figure 3. MST and

1-year CSS were 315 days and 41% for group R; 129 days

and 33% for group S; 136 days and 15% for group P; 101

days and 10% for group N, respectively. Patients in

group R displayed the best survival outcomes and the

difference between group R and groups P or N was sig-

nificant (p<.0001). Patients in group S also showed sig-

nificantly better survival than those in groups P (p=.03).

Survival rates in groups R and S were almost identical (p

=.94). Among group S, 7 (30%) patients survived more

than 1 year. For PI�1 patients, 1-year CSS was 50%;

whereas for PI�2, it was 11% (p=.15). Permanent tra-

cheostomy was significantly more frequent in group S

(18 out of 23: 78%) than in other groups (p<.0001). After

the curative surgery, 33 (67%) patients in group R re-

ceived �40 Gy of RTX and/or any kind of CTX; however,

only 9 (39%) patients in group S had the adjuvant thera-

pies. Two patients in group S died from surgical compli-

cations.

Aggressive surgery offers significantly better outcomes
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Table　2　Comparison of clinico-pathological characteristics between inciden-

tal ATC and common-type ATC

Incidental 
ATC

Common-type 
ATC

p

Age (years) 67±11 69±11 0.734

Sex (Male : Female) 3 : 22 (1 : 7.3) 208 : 338 (1 : 1.6) 0.010

Tumor size (cm) 2.1±2.1 6.5±2.6 0.000

Extrathyroidal invasion 13 (52%) 426 (80%) 0.004

Distant metastasis  3 (13%) 215 (41%) 0.005

Co-existing tumor (PTC : FT) 24 : 1 123 : 28 (4.3 : 1) 0.000

PTC: papillary thyroid carcinoma, FT: follicular tumor

than limited surgery for patients with stage IVB ATC.

Super-radical procedures may be indicated in selected

patients like PI�1 and can sometimes achieve fairly long

survival. A tragic end due to locally uncontrolled disease

can be avoided at the expense of diminished quality of

life, including loss of voice. Surgical indications for ATC

should be considered from the perspective of surgical

skill, biological characteristics of the tumor, general con-

dition of patients, and the intentions of the patient and

their family.

Incidental ATC

In surgery for patients with preoperative diagnosis of

DTC, ATC is occasionally detected incidentally on post-

operative pathological examination. Here, we defined in-

cidental ATC as largely DTC accompanied by a minute

(1―2 cm) region of ATC and reviewed the detailed infor-

mation about 25 cases of incidental ATC from the ATCCJ

database12.

The clinico-pathological characteristics of incidental

ATC were compared to common-type ATC (Table 2).

There was no difference in age between the 2 groups; but

the percentage of females was significantly higher in

those with incidental ATC. The tumor size was smaller,

and patients with extrathyroidal invasion or distant me-

tastasis were significantly fewer in the incidental ATC

group than in the common-type ATC group. Most inci-

dental ATCs coexisted with papillary thyroid carcinoma

(PTC). They may represent an initial stage of anaplastic

transformation from PTC to ATC.

As shown in Figure 1, patients with incidental ATC

showed significantly better survival than patients with

common-type ATC (p<.001). One-year and 2-year CSS

rate were 72% and 58%, respectively; however, nearly

half (12 out of 25; 48%) of the patients died of the disease

eventually.

Regarding treatment modalities for patients with inci-

dental ATC, the outcome was better in those who under-

went curative resection (n=19; 1-year CSS: 84%) than in

those without (n=6; 1-year CSS: 33%; p=.001). Additional

use of RTX and/or CTX after curative resection could

slightly improve survival, but it did not reach statistical

significance (HR: 0.28; 95% CI: 0.08―1.03; p=0.055).

Incidental ATC would be the only curable ATC, and

postoperative adjuvant RTX and/or CTX is recom-

mended to achieve long-term survival. Further studies

are needed to establish the contents and details of addi-

tional therapies for patients with incidental ATC.

Histopathological Features of ATC

with Long-term Survival

The pathological advisory team of the ATCCJ investi-

gated the histopathological features of ATC in patients

who achieved long-term survival13. From the ATCCJ data-

base, 88 ATC cases in which the patient died within 3

months (short-term survival; STS) and 68 ATC cases in

which the patient survived longer than 1 year (long-term

survival; LTS) were corrected. Three thyroid-specialized

pathologists reviewed the specimen from 12 institutions.

Six (7%) STS cases and 27 (40%) LTS cases were con-

sidered not to be ATC after the central review. Of these,

22 (67%) were reclassified as PTC. They included PTC

with squamous cell carcinoma (12 cases), PTC with

squamous metaplasia (3 cases), PTC with a focal insular

component (2 cases), a columnar cell variant (2 cases),

and a diffuse sclerosing variant (1 case). The other cases

included poorly differentiated carcinoma, carcinoma

showing thymus-like differentiation (CASTLE), squamous

cell carcinoma (SCC), mucoepidermoid carcinoma, malig-

nant lymphoma, metastatic carcinoma and atypical ade-

noma. The differential diagnosis of ATC is very broad,

and careful examination is needed before making a diag-

nosis, especially for cases with SCC components. The

central review board of expert pathologists should play



ATC Research Consortium of Japan

J Nippon Med Sch 2018; 85 (1) 23

an important role in establishing an accurate diagnosis of

ATC, particularly if the patient had longer survival.

In cases without CTX, LTS was significantly more com-

mon if there was a pre-existing tumor (DTC), epithelial

growth, or lymphocytic infiltration, and STS was more

common if neutrophilic infiltration was present. In cases

with CTX, LTS was significantly more common if epithe-

lial growth or a SCC component was present, whereas

STS was more common in cases with rhabdoid cells. The

presence of a pre-existing tumor, epithelial growth, a

SCC component, no neutrophilic infiltration and lympho-

cytic infiltration may be favorable prognostic factors in

ATC. This is the first report to identify microscopic fea-

tures related to the prognosis of ATC in a large series.

Immunohistochemical results including cytokeratin AE1/

AE3, TTF-1, p63, p53 and Ki-67 labeling index were not

related to survival.

Investigator-initiated, Nationwide Clinical Trials

Conducted by ATCCJ

(1) The Feasibility, Safety and Efficacy Study of

Weekly Paclitaxel Administration for Patients with ATC

(Attack J Study, UMIN: 000008574)

Systemic CTX is mandatory for most ATC patients;

however, conventional chemotherapeutic treatment using

doxorubicin or cisplatin did not demonstrate any signifi-

cant effect. More recent studies have suggested a poten-

tial benefit of taxans to control advanced disease14,15. Hi-

gashiyama et al.16 reported their retrospective experience

of induction CTX with a weekly paclitaxel administration

in 13 patients (9: stage IVB; 4: stage IVC): a response rate

of 31% with 1 complete remission (CR) was observed.

Overall survival of stage IVB patients with induction

CTX was better (p=.0213) than that without the CTX and

also better (p=.0467) than those with CTX other than

paclitaxel. They concluded that weekly administration of

paclitaxel could be beneficial to extend the survival of

ATC patients with stage IVB disease.

The ATCCJ have conducted an investigator-initiated

prospective clinical trial to objectively evaluate outcomes

of treatment with paclitaxel since April 201217,18. A multi-

center, nonrandomized, open-label, single-arm study to

evaluate the feasibility and efficacy of weekly paclitaxel

(80 mg/m2) administration for patients with ATC was

carried out by a nationwide organization. Histopa-

thological diagnosis was confirmed by central review. By

February 2014, 71 patients were registered from 28 insti-

tutions and followed until March, 2015. Feasibility was

analyzed in 56 patients. More than 1 course of treatment

(3 weeks) was performed in 52 (93%) patients retaining

sufficient dose intensity (>84%). All the adverse events

(AEs) observed in the study were tolerable and manage-

able. No patients had to terminate the treatment because

of an adverse event.

The MST was 6.7 months (95% CI: 4.4―9.0). The 6-

month CSS was 54%. Among the 42 patients with an

evaluable lesion, none demonstrated CR, 9 (21%) showed

partial remission (PR), 22 (52%) achieved stable disease

(SD), and 8 (19%) exhibited progressive disease (PD); 3

did not complete the initial treatment course. The objec-

tive response rate (ORR: CR+PR) was 21%, and the clini-

cal benefit rate (CR+PR+SD) was 73%. The median time

to progression was 1.6 months. Statistically, no additional

effect of concomitant radiation was demonstrated in 6

patients receiving combined therapy. Eight patients, in

whom a complete post-treatment surgical removal of the

tumor was feasible, survived significantly longer (MST:

7.6 months; 95% CI: 8.1―23.0) than the other 34 patients

in whom the tumor could not be completely removed af-

ter CTX (MST: 5.4 months; 95% CI: 3.0―7.8; p=.019).

The study demonstrates objective and accurate infor-

mation concerning the feasibility and efficacy of a stan-

dardized treatment with weekly paclitaxel administration

for ATC patients. Weekly paclitaxel administration for

ATC patients might be of clinical benefit in a neo-

adjuvant setting. In addition, this protocol could be

safely conducted in an outpatient setting.

(2) Phase II Study Assessing the Efficacy and Safety

of Lenvatinib for ATC (HOPE Study, UMIN: 000020773)

Recently, phase III clinical trials demonstrated that

multi-targeted tyrosine kinase inhibitors (TKIs) had clini-

cal efficacy to extend progression-free survival (PFS) sig-

nificantly in advanced or metastatic radioactive-iodine re-

fractory DTC19,20. In Japan, a single-arm, open-label, phase

II study of lenvatinib in patients with DTC, medullary

thyroid carcinoma and ATC (NCT01728623) was con-

ducted from 2012. Initial report in 2014 showed 5 of 11

patients with ATC have received >6 months of treatment

with lenvatinib and 3 patients showed PR21. Finally, 17

patients with ATC were enrolled. The median PFS was

7.4 months (95% CI: 1.7―12.9), the median overall sur-

vival (OS) was 10.6 months (95% CI: 3.8―19.8), and the

ORR was 24% (4 out of 17)22. In 2015, lenvatinib was

eventually approved by the regulatory agency for clinical

use for the treatment of thyroid cancer, including ATC in

Japan. This promising medicine has a variety of AEs

such as hypertension, fatigue, loss of appetite, and prote-

inuria, which are different from conventional cytotoxic
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Fig.　4　Algorithm for diagnosis and treatment of anaplastic thyroid carcinoma in 

“Japanese guidelines for treatment of thyroid tumor 2010” (revised from 

reference #24)

QOL: quality of life

agents. Although most of them were tolerable and man-

ageable by dose adjustments; some AEs, such as massive

bleeding form major vessels or fistula formation between

important organs, may cause immediate life-threatening

situations and major defects in the QOL of the patients23.

Moreover, these TKIs inhibiting vascular endothelial

growth factor (VEGF) also have a function to interfere

with wound healing. It is crucial to select appropriate pa-

tients and determine the proper timing to start the ther-

apy. Further investigation is needed to clarify the clinical

efficacy and safety of lenvatinib in the treatment of ATC.

Thus, the ATCCJ has started another investigator-

initiated, multi-center, phase II study assessing the effi-

cacy (primary endpoint: OS) and safety of lenvatinib for

ATC since January 2016. Patients with unresectable ATC

which is histologically confirmed at central review have

been recruited.

Revised Japanese Guidelines for Treatment of ATC

Based on Upgraded Evidence

”Japanese guidelines for treatment of thyroid tumor”,

which was edited by Japan Association of Endocrine Sur-

geons (JAES) and Japanese Society of Thyroid Surgery

(JSTS), was published in 2010. The guidelines for ATC

stated that it was not possible to present scientific evi-

dence that would be a guide to treatment, because there

had been few randomized or even prospective trials at

that time. They proposed a simple algorithm for treat-

ment of ATC (Fig. 4)24.

Revised Japanese guidelines are set to be published in

2017. The algorithm will be reformed adopting some of

the ATCCJ’s accomplishments (Fig. 5). For example, it

will note individual therapeutic strategies for patients

with ATC considering both the prognostic index and

UICC staging, to differentiate cases that could benefit

from an effort to prolong life and cases that should be

switched to best supportive care. The ATCCJ is now

planning to conduct several clinical trials to fill in blanks

of the algorithm and establish standardized therapeutic

strategy for ATC as follows: (1) phase II study of neo-

adjuvant CTX with weekly-paclitaxel for resectable ATC;

(2) phase III study of adjuvant therapy after curative sur-

gery (weekly-paclitaxel vs. weekly-paclitaxel+RTX); and

(3) phase I & II studies to clarify the feasibility and effi-

cacy of palliative chemo-radiotherapy.

Summary

After a long, dark outlook with this formidable disease,

there are glimmers of hope for progress. A nationwide

multi-institutional collaborative study group is strength-

ening the activity to recruit orphan disease patients. Big

clinical data accompanied with a clinical trial network

may help to uncover new strategies to conquer this dis-

mal malignancy in the near future.
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Fig.　5　Algorithm for diagnosis and treatment of anaplastic thyroid carcinoma in 

revised Japanese guidelines for treatment of thyroid tumor 2017 (draft)

PI: prognostic index

RTX: external beam radiotherapy

CTX: chemotherapy

AE: adverse event

QOL: quality of life
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