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Introduction: We conducted a bib-
liometric analysis to determine the 
most impactful articles in the onco-
logic management of elderly cancer 
patients.
Material and methods: We searched 
Web of Science papers with six key-
words: “geriat*” OR “older patient*” 
OR “older adult*” OR “elderly” and 
“*cancer” OR “oncolog*”. We identified 
and analyzed the top 100 most-cited 
articles and abstracted information 
on topic, journal, first author, year, 
institution, level of evidence, and the 
adjusted citation index. 
Results: Of the 100 most-cited pa-
pers, 62 had at least one author from 
the United States of America. Of the  
62 United States papers, 18 had at 
least one author from Harvard Uni-
versity and 14 had authors from the 
National Institutes of Health. Among 
the 50 authors who contributed to 
the most-cited papers, Hurria is the 
most prolific author, with nine papers. 
Lung, breast, and colorectal cancers 
are the most studied cancer types, 
and the Geriatric 8 scale is the most 
studied scale.
Conclusions: Our study is the first 
to analyze the top 100 most-cited 
studies in geriatric oncology. By com-
prehensively identifying the authors, 
institutes, journals, and the levels of 
evidence of these studies, we have 
created an easily accessible resource 
for practicing physicians to reference 
within this important area of oncology.
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plasms, geriatrics.
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Introduction 

One of the most important risk factors for cancer is age; cancer incidence 
is > 50% and cancer causes approximately 70% of mortality among those 
aged 65 and above [1, 2]. As the average age of the world population increas-
es, the number of cancer patients in the geriatric age range increases con-
comitantly. Cancer in geriatric patients deserves special attention at every 
stage as major changes in body organ systems occur with advanced age. 
Age-related physiological changes are particularly a  problem when facing 
stressors, such as cancer and therapeutic agents for cancer treatment. Older 
age may lead to changes in the course of the disease as well as causing 
a  substantial change in the effects and side effects of treatment modali-
ties. Older patients are underrepresented in current cancer practices and in 
randomized clinical studies; much remains to be elucidated within geriatric 
oncology research and effective medical practice [3–5]. 

Bibliometric techniques can be used to identify current trends in a par-
ticular area of research. As in other fields of medical science, many biblio-
metric analyses have been conducted within oncology [6–9]. However, to 
our knowledge, no bibliometric analysis has previously been performed in 
geriatric oncology. 

In this study, we identified and analyzed the top 100 most-cited papers 
published between 1983 and 2018. The main objective of this analysis was 
to identify the authors leading this field, the journals chosen by geriatric 
oncologists, and the institutions and countries that have focused on this 
subject. We also aimed to classify articles according to their level of evidence 
and to identify geriatric age limits, as well as to determine the cancer types 
most frequently studied and the preferred assessment methods for geriatric 
evaluation. We aimed to create an easily accessible resource for practicing 
physicians in this important area of oncology by comprehensively analyzing 
the most notable articles in the field of ​geriatric oncology. 

Materials and methods 

On December 23, 2020, we searched Web of Science (WoS) papers pub-
lished between 1975 and 2020 using six keywords: “geriat*” OR “older pa-
tient*” OR “older adult*”  OR  “elderly” and “*cancer”  OR  “oncolog*”. The 
search was conducted by topic. Initially, we encountered 41,866 studies that 
were relevant to this subject. We analyzed the studies one by one, starting 
with the first study that received the highest number of citations. We ex-
cluded those not related to geriatric oncology. The 100th most-cited article 
was the 682nd article in the list; therefore, we excluded 582/682 articles that 
were unrelated to this subject. We identified the top 100 most-cited articles 
(termed the T100) and ranked them from 1 to 100 according to citation num-
bers. Two authors independently identified the T100 with a discussion on 
any areas of disagreement to reach a consensus. 

Citation numbers were provided as an adjusted citation index (ACI; in 
addition to the total number of citations); articles published earlier could 
have received more citations, thereby causing bias. The ACI was obtained 
by dividing the number of citations by the number of years since the publi-
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cation of the article, such that the ACI indicates the yearly 
average number of citations. 

All studies were analyzed in detail using WoS and 
PubMed databases. The evidence levels of the articles 
in the T100 were determined according to the Scottish 
Intercollegiate Guidelines Network-SIGN 50. Descriptive 
methods were frequently used in statistical analyses of 
the studies. Continuous variables were expressed as medi-
ans ± interquartile ranges (IQR); categorical variables were 
expressed as frequencies and percentages. SPSS software 
for Windows (version: 23.0) was used for all statistical 
analyses (SPSS Inc., Chicago, IL, US).

All authors declare that the study was conducted ac-
cording to the principles of the World Medical Associa-
tion Declaration of Helsinki: Ethical Principles for Med-
ical Research Involving Human Subjects. This study did 
not require approval from an ethics committee as it was 
designed as a bibliometric analysis of existing published 
studies.

Results 

In the current study of peer-reviewed articles published 
within the field of geriatric oncology, the T100 median  
± IQR citation count was 253 ± 130 (range: 181–1,511) and 
the median ± IQR of the ACI was 19 ± 8 (range: 7–86). As 
expected, all identified articles were published in English. 
The T100 was sequenced according to the total number of 
citations, and the ACI value of each study was specified 
(Table 1). One paper received more than 1,000 citations 
and 14 papers received at least 500 citations.

The most-cited article was titled “Underrepresentation 
of patients 65 years of age or older in cancer-treatment 
trials”. This article was written by Hutchins et al. and was 
published in the New England Journal of Medicine (NEJM) 
in 1999. The paper received 1,511 citations, with an ACI of 
68.6. Other papers with high ACIs include manuscripts ti-
tled “International Society of Geriatric Oncology Consen-
sus on Geriatric Assessment in Older Patients with Can-
cer” (written by Wildiers et al.; ACI: 85.71), and “Predicting 
chemotherapy toxicity in older adults with cancer: a pro-
spective multicenter study” (written by Hurria et al.; ACI: 
83.3). Differences between the rankings made according 
to the ACI and the total number of citations are presented 
in Table 1.

The T100 consisted of studies published between 1983 
and 2018. The earliest study – “Clinical trials and drug tox-
icity in the elderly – the experience of the Eastern Cooper-
ative Oncology Group” – was conducted by Begg et al. and 
published in the journal Cancer. The most recent study is 
Mohile et al.’s “Practical assessment and management of 
vulnerabilities in older patients receiving chemotherapy: 
ASCO guideline for geriatric oncology”, which was pub-
lished in the Journal of Clinical Oncology (JCO). Most stud-
ies were published in 2005 and 2007 (nine studies were 
published in each year, and with a sum of 5,500 citations) 
(Fig. 1).

Evidence levels were analyzed individually following the 
Scottish Intercollegiate Guidelines Network-SIGN 50. Sev-
enteen studies were prospective cohort studies, 13 stud-

ies were retrospective cohort studies, and 12 studies were 
both randomized control studies and reviews. Ten studies 
were reports of expert committees. Thirty-seven studies 
were identified as having Level 1 evidence. A detailed list 
of study evidence levels is presented in Table 2.

We also analyzed studies using geriatric assessment 
scales. The two most-studied scales were the Geriatric 8 (G8) 
and Vulnerable Elders Survey (VES-13) scales; both were 
analyzed in four studies. A triage risk screening tool was 
evaluated in two studies.

Fifty papers in the T100 focused on a particular type of 
cancer. Lung (15), breast (14), and colorectal (13) cancers 
were the three most studied cancer types. Prostate cancer, 
glioblastoma multiforme, and hepatocellular cancer were 
evaluated in two studies each. 

Seventy-seven studies in the T100 list defined an age 
threshold for oncogeriatric patients. While 33 (42%) of 
these studies accepted 70 as the age threshold for onco-
geriatric patients, 29 (37%) accepted 65 as the age thresh-
old. Four studies defined the limit as age 75 and three 
studies defined it as 80 years. 

We summarized information on the countries in which 
these studies were conducted in the current assessment. 
The total number of countries represented in the T100 was 
25; the United States of America (USA) was the lead-
ing country, with 62 studies. Italy ranked second with  
19 studies, France ranked third with 18 studies, and En-
gland ranked fourth with 16 studies. Apart from the US and 
European countries, Canada, Australia, and Japan were 
among the top 15 countries represented in these studies 
(Table 3). 

The Journal of Clinical Oncology was the journal with 
the highest number of published papers, with 35 papers 
among the most-cited publications. The Journal of the Na-
tional Cancer Institute ranked second with 11 studies, and 
Cancer ranked third with seven studies. A total of 28 jour-
nals published all 100 studies. 

The author with the greatest contribution to these stud-
ies was Hurria, who contributed to a total of nine studies 
in the T100 list. She was the first author of five of these 
studies. She was followed by Extermann, who contributed 
to eight studies, and Monfardini, who contributed to six 
studies. Authors with contributions to four or more studies 
in the top 100 most-cited articles are presented in Table 4.

We examined impact factors (IF) as a  quality criteri-
on for journals in the T100. The IF of JCO (with the most 
published papers) was 32.95. The IF of the Journal of the 
National Cancer Institute, which ranked second among 
top-cited papers in this analysis, was 11.57. Finally, the IF of 
Cancer, which ranked third in the current study, was 5.74. 
The number of articles published, total citations received 
and the IF of journals that published four or more studies 
are listed in Table 5.

Among the institutes where studies in the T100 were 
carried out, the most frequently contributing centers 
were Harvard University (n = 18), the National Institutes 
of Health (n = 14), Dana Farber Cancer Institute (n = 12), 
Memorial Sloan Kettering Cancer Center (n = 12), and Uni-
cancer (n = 12). Institutions of origin with 5 or more of the 
top 100 cited articles are presented in Table 6. 
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Table 1. The top 100 cited articles in geriatric oncology

Article Times 
cited

ACI

    1. �Hutchins LF, Unger JM, Crowley JJ, Coltman CA, Albain KS. Underrepresentation of patients 65 years of age or 
older in cancer-treatment trials. N Engl J Med 1999; 341: 2061-2067.

1511 68.68

    2. �Hurria A, Togawa K, Mohile SG, et al. Predicting chemotherapy toxicity in older adults with cancer: a prospective 
multicenter study. J Clin Oncol 2011; 29: 3457-3465.

833 83.3

    3. �Bernabei R, Gambassi G, Lapane K, et al. Management of pain in elderly patients with cancer. JAMA 1998; 279: 
1877-1882.

736 32

    4. �Extermann M, Overcash J, Lyman GH, Parr J, Balducci L. Comorbidity and functional status are independent in 
older cancer patients. J Clin Oncol 1998; 16: 1582-1587.

695 30.22

    5. �Gridelli C, Perrone F, Gallo C, et al. Effects of vinorelbine on quality of life and survival of elderly patients with 
advanced non-small-cell lung cancer. J Natl Cancer Inst 1999; 91: 66-72.

691 31.41

    6. �Lewis JH, Kilgore ML, Goldman DP, et al. Participation of patients 65 years of age or older in cancer clinical trials.  
J Clin Oncol 2003; 21: 1383-1389.

684 38

    7. �Extermann M, Aapro M, Bernabei RB, et al. Use of comprehensive geriatric assessment in older cancer patients: 
recommendations from the task force on CGA of the International Society of Geriatric Oncology (SIOG). Crit Rev 
Oncol Hematol 2005; 55: 241-252.

660 41.25

    8. �Sargent DJ, Goldberg RM, Jacobson SD, et al. A pooled analysis of adjuvant chemotherapy for resected colon 
cancer in elderly patients. N Engl J Med 2001; 345: 1091-1097.

618 30.9

    9. �Gridelli C, Perrone F, Gallo C, et al. Chemotherapy for elderly patients with advanced non-small-cell lung cancer: 
the Multicenter Italian Lung Cancer in the Elderly Study (MILES) phase III randomized trial. J Natl Cancer Inst 
2003; 95: 362-372.

616 34.22

  10. �Walter LC, Covinsky KE. Cancer screening in elderly patients – a framework for individualized decision making. 
JAMA 2001; 285: 2750-2756.

616 30.8

  11. �Wildiers H, Heeren P, Puts M, et al. International Society of Geriatric Oncology consensus on geriatric assessment 
in older patients with cancer. J Clin Oncol 2014; 32: 2595-2603.

600 85.71

  12. �Repetto L, Fratino L, Audisio RA, et al. Comprehensive geriatric assessment adds information to Eastern 
Cooperative Oncology Group performance status in elderly cancer patients: an Italian group for geriatric oncology 
study. J Clin Oncol 2002; 20: 494-502.

589 31

  13. �Extermann M, Hurria A. Comprehensive geriatric assessment for older patients with cancer. J Clin Oncol 2007; 25: 
1824-1831.

562 40.14

  14. �Extermann M, Boler I, Reich RR, et al. Predicting the risk of chemotherapy toxicity in older patients: the 
Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) score. Cancer 2012; 118: 3377-3386.

521 57.89

  15. �Keime-Guibert F, Chinot O, Taillandier L, et al. Radiotherapy for glioblastoma in the elderly. N Engl J Med 2007; 
356: 1527-1535.

495 35.36

  16. �Diab SG, Elledge RM, Clark GM. Tumor characteristics and clinical outcome of elderly women with breast cancer.  
J Natl Cancer Inst 2000; 92: 550-556.

454 21.62

  17. �Yabroff KR, Lamont EB, Mariotto A, et al. Cost of care for elderly cancer patients in the United States. J Natl Cancer 
Inst 2008; 100: 630-641.

448 34.46

  18. �Talarico L, Chen G, Pazdur R. Enrollment of elderly patients in clinical trials for cancer drug registration: a 7-year 
experience by the US Food and Drug Administration. J Clin Oncol 2004; 22: 4626-4631.

427 25.12

  19. �Yancik R. Cancer burden in the aged – an epidemiologic and demographic overview. Cancer 1997; 80: 1273-1283. 417 17.38

  20. �Schrag D, Cramer LD, Bach PB, Begg CB. Age and adjuvant chemotherapy use after surgery for stage III colon 
cancer. J Natl Cancer Inst 2001; 93: 850-857.

392 19.6

  21. �Langer CJ, Manola J, Bernardo P, et al. Cisplatin-based therapy for elderly patients with advanced non-small-cell 
lung cancer: Implications of Eastern Cooperative Oncology Group 5592, a randomized trial. J Natl Cancer Inst 
2002; 94: 173-181.

385 20.26

  22. �Simmonds P, Best L, Baughan C, et al. Surgery for colorectal cancer in elderly patients: a systematic review. 
Lancet 2000; 356: 968-974.

381 18.14

  23. �   Bouchardy C, Rapiti E, Fioretta G, et al. Undertreatment strongly decreases prognosis of breast cancer in elderly 
women. J Clin Oncol 2003; 21: 3580-3587.

363 20.17

  24. �Owonikoko TK, Ragin CC, Belani CP, et al. Lung cancer in elderly patients: an analysis of the surveillance, 
epidemiology, and end results database. J Clin Oncol 2007; 25: 5570-5577.

353 25.21

  25. �Frasci G, Lorusso V, Panza N, et al. Gemcitabine plus vinorelbine versus vinorelbine alone in elderly patients with 
advanced non-small-cell lung cancer. J Clin Oncol 2000; 18: 2529-2536.

348 16.57

  26. �Quoix E, Zalcman G, Oster JP, et al. Carboplatin and weekly paclitaxel doublet chemotherapy compared with 
monotherapy in elderly patients with advanced non-small-cell lung cancer: IFCT-0501 randomised, phase 3 trial. 
Lancet 2011; 378: 1079-1088.

346 34.6
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Article Times 
cited

ACI

  27. �Hurria A, Gupta S, Zauderer M, et al. Developing a cancer-specific geriatric assessment – a feasibility study. 
Cancer 2005; 104: 1998-2005.

344 21.5

  28. �Cunningham D, Lang I, Marcuello E, et al. Bevacizumab plus capecitabine versus capecitabine alone in elderly 
patients with previously untreated metastatic colorectal cancer (AVEX): an open-label, randomised phase 3 trial. 
Lancet Oncol 2013; 14: 1077-1085.

337 42.13

  29. �Maione P, Perrone F, Gallo C, et al. Pretreatment quality of life and functional status assessment significantly 
predict survival of elderly patients with advanced non-small-cell lung cancer receiving chemotherapy: 
a prognostic analysis of the Multicenter Italian Lung Cancer in the Elderly Study. J Clin Oncol 2005; 23:  
6865-6872.

337 21.06

  30. �Kunkler IH, Williams LJ, Jack WJL, Cameron DA, Dixon JM, Investigators PI. Breast-conserving surgery with or 
without irradiation in women aged 65 years or older with early breast cancer (PRIME II): a randomised controlled 
trial. Lancet Oncol 2015; 16: 266-273.

333 55.5

  31. �Bluethmann SM, Mariotto AB, Rowland JH. Anticipating the “silver tsunami”: prevalence trajectories and 
comorbidity burden among older cancer survivors in the United States. Cancer Epidemiol Biomarkers Prev 2016; 
25: 1029-1036.

327 65.4

  32. �Goldberg RM, Tabah-Fisch I, Bleiberg H, et al. Pooled analysis of safety and efficacy of oxaliplatin plus 
fluorouracil/leucovorin administered bimonthly in elderly patients with colorectal cancer. J Clin Oncol 2006; 24: 
4085-4091.

327 21.8

  33. �Biganzoli L, Wildiers H, Oakman C, et al. Management of elderly patients with breast cancer: updated 
recommendations of the International Society of Geriatric Oncology (SIOG) and European Society of Breast 
Cancer Specialists (EUSOMA). Lancet Oncol 2012; 13: E148-E160.

309 34.33

  34. �BallardBarbash R, Potosky AL, Harlan LC, Nayfield SG, Kessler LG. Factors associated with surgical and radiation 
therapy for early stage breast cancer in older women. J Natl Cancer Inst 1996; 88: 716-726.

309 12.36

  35. �Palma D, Visser O, Lagerwaard FJ, Belderbos J, Slotman B, Senan S. Impact of introducing stereotactic lung 
radiotherapy for elderly patients with stage I non-small-cell lung cancer: a population-based time-trend analysis. 
J Clin Oncol 2010; 28: 5153-5159.

307 27.91

  36. �Yancik R, Ries LAG. Cancer and aging in America – demographic and epidemiologic perspectives. Hematol Oncol 
Clin North Am 2000; 14: 17-23.

302 14.38

  37. �Hamaker ME, Jonker JM, de Rooij SE, Vos AG, Smorenburg CH, van Munster BC. Frailty screening methods for 
predicting outcome of a comprehensive geriatric assessment in elderly patients with cancer: a systematic review. 
Lancet Oncol 2012; 13: E437-E44.

295 32.78

  38. �Bellera CA, Rainfray M, Mathoulin-Pelissier S, et al. Screening older cancer patients: first evaluation of the G-8 
geriatric screening tool. Ann Oncol 2012; 23: 2166-2172.

288 32

  39. �Decoster L, van Puyvelde K, Mohile S, et al. Screening tools for multidimensional health problems warranting 
a geriatric assessment in older cancer patients: an update on SIOG recommendations. Ann Oncol 2015;  
26: 288-300.

285 47.5

  40. �Deimling GT, Bowman KF, Sterns S, Wagner LJ, Kahana B. Cancer-related health worries and psychological distress 
among older adult, long-term cancer survivors. Psychooncol 2006; 15: 306-320.

281 18.73

  41. �Fentiman IS, Tirelli U, Monfardini S, et al. Cancer in the elderly – why so badly treated? Lancet 1990; 335:  
1020-1022.

280 9.03

  42. �Muss HB, Woolf S, Berry D, et al. Adjuvant chemotherapy in older and younger women with lymph node-positive 
breast cancer. JAMA 2005; 293: 1073-1081.

279 17.44

  43. �Kudoh S, Takeda K, Nakagawa K, et al. Phase III study of docetaxel compared with vinorelbine in elderly patients 
with advanced non-small-cell lung cancer: results of the West Japan Thoracic Oncology Group trial (WJTOG 
9904). J Clin Oncol 2006; 24: 3657-3663.

277 18.47

  44 . �Cauley JA, Lucas FL, Kuller LH, Vogt MT, Browner WS, Cummings SR. Bone mineral density and risk of breast 
cancer in older women – the study of osteoporotic fractures. JAMA 1996; 276: 1404-1408.

277 11.08

  45. �Audisio RA, Participants P, Pope D, Ramesh HSJ, Gennari R, van Leeuwen BL. Shall we operate? Preoperative 
assessment in elderly cancer patients (PACE) can help – a SIOG surgical task force prospective study. Crit Rev 
Oncol Hematol 2008; 65: 156-163.

273 21

  46. �Ramalingam SS, Dahlberg SE, Langer CJ, et al. Outcomes for elderly, advanced-stage non-small-cell lung 
cancer patients treated with bevacizumab in combination with carboplatin and paclitaxel: analysis of Eastern 
Cooperative Oncology Group trial 4599. J Clin Oncol 2008; 26: 60-65.

271 20.85

  47. �Shibata A, Paganinihill A, Ross RK, Henderson BE. Intake of vegetables, fruits, beta-carotene, vitamin C and 
vitamin supplements and cancer incidence among the elderly – a prospective-study. Br J Cancer 1992; 66:  
673-679.

266 9.17

  48. �Trimble EL, Carter CL, Cain D, Freidlin B, Ungerleider RS, Friedman MA. Representation of older patients in cancer-
treatment trials. Cancer 1994; 74: 2208-2214.

262 9.7

Table 1. Cont.
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Article Times 
cited

ACI

  49. �Jackman DM, Yeap BY, Lindeman NI, et al. Phase II clinical trial of chemotherapy-naive patients 70 years of age 
treated with erlotinib for advanced non-small-cell lung cancer. J Clin Oncol 2007; 25: 760-766.

258 18.43

  50. �Perry JR, Laperriere N, O’Callaghan CJ, et al. Short-course radiation plus temozolomide in elderly patients with 
glioblastoma. N Engl J Med 2017; 376: 1027-1037.

254 63.5

  51. �Boyle P. Triple-negative breast cancer in the older population. Ann Oncol 2012; 23: 7-12. 253 28.11

  52. �Riley GF, Potosky AL, Lubitz JD, Kessler LG. Medicare payments from diagnosis to death for elderly cancer-patients 
by stage at diagnosis. Med Care 1995; 33: 828-841.

249 9.58

  53. �Begg CB, Carbone PP. Clinical trials and drug toxicity in the elderly. The experience of the Eastern Cooperative 
Oncology Group. Cancer 1983; 52: 1986-1992.

247 6.5

  54. �Schonberg MA, Marcantonio ER, Li DL, Silliman RA, Ngo L, McCarthy EP. Breast cancer among the oldest old: 
tumor characteristics, treatment choices, and survival. J Clin Oncol 2010; 28: 2038-2045.

245 22.27

  55. �Yellen SB, Cella DF, Leslie WT. Age and clinical decision-making in oncology patients. J Natl Cancer Inst 1994; 86: 
1766-1770.

244 9.04

  56. �Wildiers H, Kunkler I, Biganzoli L, et al. Management of breast cancer in elderly individuals: recommendations of 
the International Society of Geriatric Oncology. Lancet Oncol 2007; 8: 1101-1115.

243 17.36

  57. �Soubeyran P, Fonck M, Blanc-Bisson C, et al. Predictors of early death risk in older patients treated with first-line 
chemotherapy for cancer. J Clin Oncol 2012; 30: 1829-1834.

241 26.78

  58. �Powe BD. Fatalism among elderly African-Americans – effects on colorectal cancer screening. Cancer Nurs 1995; 
18: 385-392.

239 9.19

  59. Yancik R. Population aging and cancer: a cross-national concern. Cancer J 2005; 11: 437-441. 238 14.88

  60. �Janssen-Heijnen MLG, Houterman S, Lemmens V, Louwman MWJ, Maas H, Coebergh JWW. Prognostic impact of 
increasing age and co-morbidity in cancer patients: a population-based approach. Crit Rev Oncol Hematol 2005; 
55: 231-240.

238 14.88

  61. �Fong Y, Blumgart LH, Fortner JG, Brennan MF. Pancreatic or liver resection for malignancy is safe and effective for 
the elderly. Ann Surg 1995; 222: 426-437.

237 9.12

  62. �Caillet P, Canoui-Poitrine F, Vouriot J, et al. Comprehensive geriatric assessment in the decision-making process in 
elderly patients with cancer: ELCAPA Study. J Clin Oncol 2011; 29: 3636-3642.

234 23.4

  63. �Colditz GA, Branch LG, Lipnick RJ, et al. Increased green and yellow vegetable intake and lowered cancer deaths 
in an elderly population. Am J Clin Nutr 1985; 41: 32-36.

234 6.5

  64. �Yee KWL, Pater JL, Pho L, Zee B, Siu LL. Enrollment of older patients in cancer treatment trials in Canada: why is 
age a barrier? J Clin Oncol 2003; 21: 1618-1623.

233 12.94

  65. �Freyer G, Geay JF, Touzet S, et al. Comprehensive geriatric assessment predicts tolerance to chemotherapy and 
survival in elderly patients with advanced ovarian carcinoma: a GINECO Study. Ann Oncol 2005; 16: 1795-1800.

231 14.44

  66. �Jessup JM, Stewart A, Greene FL, Minsky BD. Adjuvant chemotherapy for stage III colon cancer – implications of 
race/ethnicity, age, and differentiation. JAMA 2005; 294: 2703-2711.

228 14.25

  67. �Seymour MT, Thompson LC, Wasan HS, et al. Chemotherapy options in elderly and frail patients with metastatic 
colorectal cancer (MRC FOCUS2): an open-label, randomised factorial trial. Lancet 2011; 377: 1749-1759.

225 22.5

  68. �Handforth C, Clegg A, Young C, et al. The prevalence and outcomes of frailty in older cancer patients: 
a systematic review. Ann Oncol 2015; 26: 1091-1101.

224 37.33

  69. �Mery CM, Pappas AN, Bueno R, et al. Similar long-term survival of elderly patients with non-small cell lung cancer 
treated with lobectomy or wedge resection within the surveillance, epidemiology, and end results database. 
Chest 2005; 128: 237-245.

224 14

  70. �Mandelblatt JS, Hadley J, Kerner JF, et al. Patterns of breast carcinoma treatment in older women: patient 
preference and clinical and physician influences. Cancer 2000; 89: 561-573.

223 10.62

  71. �Penninx B, Guralnik JM, Pahor M, et al. Chronically depressed mood and cancer risk in older persons. J Natl Cancer 
Inst 1998; 90: 1888-1893.

222 9.65

  72. �Elkin EB, Kim SHM, Casper ES, Kissane DW, Schrag D. Desire for information and involvement in treatment 
decisions: elderly cancer patients’ preferences and their physicians’ perceptions. J Clin Oncol 2007; 25:  
5275-5280.

220 15.71

  73. �Wong YN, Mitra N, Hudes G, et al. Survival associated with treatment vs. observation of localized prostate cancer 
in elderly men (Reprinted from JAMA, vol. 296. 2006). JAMA 2006; 296: 2683-2693.

220 14.67

  74. �Hurria A, Mohile S, Gajra A, et al. Validation of a prediction tool for chemotherapy toxicity in older adults with 
cancer. J Clin Oncol 2016; 34: 2366-2371.

218 43.6

  75. �Kristjansson SR, Nesbakken A, Jordhoy MS, et al. Comprehensive geriatric assessment can predict complications 
in elderly patients after elective surgery for colorectal cancer: a prospective observational cohort study. Crit Rev 
Oncol Hematol 2010; 76: 208-217.

218 19.82

Table 1. Cont.
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cited

ACI

  76. �Davidoff AJ, Tang M, Seal B, Edelman MJ. Chemotherapy and survival benefit in elderly patients with advanced 
non-small-cell lung cancer. J Clin Oncol 2010; 28: 2191-2197.

218 19.82

  77. �Crivellari D, Bonetti M, Castiglione-Gertsch M, et al. Burdens and benefits of adjuvant cyclophosphamide, 
methotrexate, and fluorouracil and tamoxifen for elderly patients with breast cancer: the International Breast 
Cancer Study Group Trial VII. J Clin Oncol 2000; 18: 1412-1422.

217 10.33

  78. �Asmis TR, Ding K, Seymour L, et al. Age and comorbidity as independent prognostic factors in the treatment of 
non-small-cell lung cancer: a review of national cancer institute of Canada clinical trials group trials. J Clin Oncol 
2008; 26: 54-59.

210 16.15

  79. �Popescu RA, Norman A, Ross PJ, Parikh B, Cunningham D. Adjuvant or palliative chemotherapy for colorectal 
cancer in patients 70 years or older. J Clin Oncol 1999; 17: 2412-2418.

209 9.5

  80. �Earle CC, Burstein HJ, Winer EP, Weeks JC. Quality of non-breast cancer health maintenance among elderly breast 
cancer survivors. J Clin Oncol 2003; 21: 1447-1451.

208 11.56

  81. �Yancik R, Ganz PA, Varicchio CG, Conley B. Perspectives on comorbidity and cancer in older patients: approaches 
to expand the knowledge base. J Clin Oncol 2001; 19: 1147-1151.

206 10.3

  82. �Rudenstam CM, Zahrieh D, Forbes JF, et al. Randomized trial comparing axillary clearance versus no axillary 
clearance in older patients with breast cancer: first results of International Breast Cancer Study Group Trial 10-93. 
J Clin Oncol 2006; 24: 337-344.

204 13.6

  83. �Hertog MGL, Feskens EJM, Hollman PCH, Katan MB, Kromhout D. Dietary flavonoids and cancer risk in the 
Zutphen Elderly Study. Nutr Cancer 1994; 22: 175-184.

204 7.56

  84. �Mor V, Allen S, Malin M. The psychosocial impact of cancer on older versus younger patients and their families. 
Cancer 1994; 74: 2118-2127.

201 7.44

  85. �Bouchardy C, Rapiti E, Blagojevic S, Vlastos AT, Vlastos G. Older female cancer patients: Importance, causes, and 
consequences of undertreatment. J Clin Oncol 2007; 25: 1858-1869.

199 14.21

  86. �Mohile SG, Dale W, Somerfield MR, et al. Practical assessment and management of vulnerabilities in older 
patients receiving chemotherapy: ASCO guideline for geriatric oncology. J Clin Oncol 2018; 36: 2326-2347.

198 66

  87. �Newcomb PA, Carbone PP. Cancer treatment and age: patient perspectives. J Natl Cancer Inst 1993; 85:  
1580-1584.

197 7.04

  88. �Finlayson E, Fan ZH, Birkmeyer JD. Outcomes in octogenarians undergoing high-risk cancer operation: a national 
study. J Am Coll Surg 2007; 205: 729-734. 

196 14

  89. �Muss HB, Berry DA, Cirrincione C, et al. Toxicity of older and younger patients treated with adjuvant 
chemotherapy for node-positive breast cancer: the Cancer and Leukemia Group B experience. J Clin Oncol 2007; 
25: 3699-3704.

195 13.93

  90. �Extermann M. Measurement and impact of comorbidity in older cancer patients. Crit Rev Oncol Hematol 2000; 
35: 181-200.

195 9.29

  91. �Tournigand C, Andre T, Bonnetain F, et al. Adjuvant therapy with fluorouracil and oxaliplatin in stage II and elderly 
patients (between ages 70 and 75 years) with colon cancer: subgroup analyses of the Multicenter International 
Study of Oxaliplatin, Fluorouracil, and Leucovorin in the Adjuvant Treatment of Colon Cancer Trial. J Clin Oncol 
2012; 30: 3353-3360.

193 21.44

  92. Fulop T, Larbi A, Kotb R, de Angelis F, Pawelec G. Aging, immunity, and cancer. Discov Med 2011; 11: 537-550. 190 19

  93. �Hurria A, Cirrincione CT, Muss HB, et al. Implementing a geriatric assessment in cooperative group clinical cancer 
trials: CALGB 360401. J Clin Oncol 2011; 29: 1290-1296.

190 19

  94. �Hakim FT, Flomerfelt FA, Boyiadzis M, Gress RE. Aging, immunity and cancer. Curr Opin Immunol 2004; 16:  
151-156.

190 11.18

  95. �Puts MTE, Hardt J, Monette J, Girre V, Springall E, Alibhai SMH. Use of geriatric assessment for older adults in the 
oncology setting: a systematic review. J Natl Cancer Inst 2012; 104: 1133-1163.

188 20.89

  96. �Balducci L, Yates J. General guidelines for the management of older patients with cancer. Oncology (Williston 
Park) 2000; 14: 221-227.

188 8.95

  97. �Asahina Y, Tsuchiya K, Tamaki N, et al. Effect of aging on risk for hepatocellular carcinoma in chronic hepatitis C 
virus infection. Hepatol 2010; 52: 518-527. 

186 16.91

  98. �Earle CC, Tsai JS, Gelber RD, Weinstein MC, Neumann PJ, Weeks JC. Effectiveness of chemotherapy for advanced 
lung cancer in the elderly: Instrumental variable and propensity analysis. J Clin Oncol 2001; 19: 1064-1070.

185 9.25

  99. �Shibata A, Mack TM, Paganinihill A, Ross RK, Henderson BE. A prospective study of pancreatic cancer in the 
elderly. Int J Cancer 1994; 58: 46-49.

184 6.81

100. �Pallis AG, Fortpied C, Wedding U, et al. EORTC elderly task force position paper: approach to the older cancer 
patient. Eur J Cancer 2010; 46: 1502-1513.

181 16.45

ACI – adjusted citation index
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Fig. 1. Published the top 100 cited articles in each year (1983–2018)
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Table 2. Top 100 most-cited articles according to their study designs 
and levels of evidence

Level 
of evidence

Group Number

Meta-analyses of RCTs I A 3

Systematic reviews I A 5

RCTs I A 12

Prospective cohort studies I A 17

Prospective comparative studies 2 B 2

Retrospective comparative 
studies

3 B 10

Retrospective cohort studies 3 B 13

Case-control studies 3 B 1

Observational-descriptive studies 3 B 8

Cross-sectional correlation studies 3 B 3

Validation studies 3 B 2

Reviews 4 C 12

Expert committee reports 4 C 10

Expert opinions 4 C 4

RCT – randomized controlled trial

Table 3. Top 100 most-cited articles according to their geographic 
origins (with three or more geographic origins)

Rank Country Number*

1 The United States of America 62

2 Italy 19

3 France 18

4 England    16

5 The Netherlands 10

6 Canada 9

7 Switzerland 9

8 Belgium 7

9 Germany 5

11 Australia 3

12 Japan 3

13 Norway 3

14 Scotland 3

15 Spain 3

*More than 100 countries are listed in total due to international collaboration  
in certain publications.

Besides medical oncology studies in the T100, four 
studies were conducted in the field of surgical oncology, 
and five studies were conducted in the field of radiation 
oncology.

Discussion 

Approximately 70% of patients with cancer are aged 
65 years and older [10]. As the world population ages, the 
number of older patients with cancer will increase concom-

Table 4. Authors with contributions to four or more studies in the top 
100 most-cited articles

Author Number of top 100 articles

  Author First author Co-author

Hurria A 9 4 5

Extermann M 8 5 3

Monfardini S  6 – 6

Audisio RA 5 1 4

Cohen HJ 5 – 5

Wildiers H 5 2 3

Aapro M 4 – 4

Repetto L 4 1 3

Tew WP 4 – 4

Yancık R 4 4 –

Table 5. List of journals that published four or more of the reviewed articles

Rank Journal Number of articles Impact factor* Sum of total citations

1 Journal of Clinical Oncology  35 32.95 11.254

2 Journal of the National Cancer Institute 11 11.57 4.146

3 Cancer 7 5.74 2.215

4 Journal of the American Medical Association 6 45.54 2.356

5 Annals of Oncology 5 18.27 1.281

6 Critical Reviews in Oncology/Hematology 5 5.83 1.584

7 Lancet Oncology 5 33.75 1.517

8 Lancet 4 60.39 1.232

9 New England Journal of Medicine 4 74.69 2.878

*This list was generated through Journal Citation Reports (Clarivate Analytics; 2019).

itantly. However, there is insufficient evidence informing 
the management of geriatric cancer patients, mainly due 
to the underrepresentation of this population in clinical 
studies [11–13]. In the T100 list, Hutchins et al.’s study (the 
most-cited article of the T100) specifically elucidated this 
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Table 6. Institutions of origin with 5 or more of the top 100 cited 
articles 

Rank Institution Number*

1 Harvard University (USA) 18

2 National Institutes of Health (USA) 14

3 Dana Farber Cancer Institute (USA) 12

4 Memorial Sloan Kettering Cancer Center (USA) 12

5 Unicancer (France) 12

6 National Cancer Institute (USA)  11

7 Duke University (USA) 9

8 City of Hope (USA) 8

9 Lee Moffitt Cancer Center Research (USA) 8

10 State University System of Florida (USA) 8

11 University of South Florida (USA) 8

12 Assistance Publique Hopitaux Paris (France) 7

13 University of Liverpool (England) 7

14 University of California System (USA) 6

15 US Department of Veterans Affairs (USA) 6

16 KU Leuven (Belgium)    5

17 National Institutes on Aging (USA) 5

18 Sorbonne Universite (France) 5

19 University Hospital Leuven (Belgium) 5

20 University of Rochester (USA) 5

*Number of articles listed in the top 100 cited articles for 22 institutions.

issue. Besides, studies with high levels of evidence are of 
great importance in geriatric oncology, as in any other on-
cology sub-field. In this context, we examined articles in the 
T100 in terms of study type and level of evidence. Thirty-sev-
en studies provided Level 1 evidence. In other bibliometric 
studies examining the level of evidence, the proportion of 
papers with Level 1 evidence was lower [6, 14]. This suggests 
that physicians’ attention in the field of geriatric oncology is 
directed toward studies of relatively high quality.

Due to developments in healthcare systems, life expec-
tancy is increasing globally. However, it is not clear what 
the geriatric age limit should be in oncology practice. The 
International Society of Geriatric Oncology (SIOG) sug-
gests screening with a  comprehensive geriatric assess-
ment (CGA) after 70 years of age, based on the fact that 
geriatric problems increase sharply after that age. On the 
other hand, the National Comprehensive Cancer Network 
and ASCO accept 65 years and over when defining older 
adults. Considering that the most cited physicians (Arti 
Hurria and Martine Extermann), institutes, and journals in 
the T100 list are from the USA, this may affect the results. 
In the T100 list, 65 and 70 years of age were the most pre-
ferred age limits, proportionally to each other. As a result, 
in our opinion, when evaluating the geriatric patient in on-
cology, it would be better to decide by evaluating the bio-
logical age and performance status of the patient instead 
of only the chronological age. 

The author leading the T100 list (in every sense) is 
Arti Hurria. To shed light on our current practice, we took 
a closer look at prominent authors within the last decade 
(≥ 2010). We abstracted information on their countries, 
clinics, and accomplishments in this field – as a  result, 
three authors stood out: Hurria, Mohile, and Wildiers. Arti 
Hurria, MD, was a leader in geriatric oncology, embracing 
the age-associated nuances of the elderly and leading ini-
tiatives and research that advanced this specialty field. Su-
priya Gupta Mohile is working at the University of Roches-
ter. She directs the Specialized Oncology Care & Research 
in the Elderly (SOCARE) geriatric oncology clinic at the Uni-
versity of Rochester and Highland Hospital. Dr. Mohile is 
an expert in geriatric oncology, with over 148 publications 
in this area. She is the editor-in-chief of the Journal of Geri-
atric Oncology. Hans Wildiers’s career has been dedicated 
to breast cancer research and geriatric oncology. He previ-
ously worked at the University of Leuven. Since 2008, he 
has chaired the task force for cancer in the elderly within 
the European Organization of Research and Treatment of 
Cancer (EORTC). Between 2018 and 2020, Wildiers served 
as the president of SIOG.

While examining the top 100 studies according to 
number of citations, we determined the most influential 
studies based on their ACI. A ranking based on ACI crite-
ria allowed us to overlook time biases. The study with the 
highest ACI value among the T100 was titled “Internation-
al Society of Geriatric Oncology Consensus on Geriatric 
Assessment in Older Patients with Cancer”. This study 
was conducted by Wildiers et al. (ACI: 85.71) and was 
published in JCO in 2014. When the first ten most-cited 
studies were examined according to their ACI (excluding 
the article that ranked 1st, published in 1999), 9/10 articles 

were published in 2011 or later, with a median publication 
year of 2015. The fact that articles with a higher ACI were 
mostly published recently demonstrates that recent stud-
ies are impactful and generating interest, in reflection of 
the changing tendencies in this field. 

A  comprehensive assessment is an essential part of 
geriatric patient management in oncology practice. CGA 
provides valuable information on different topics. Howev-
er, in daily practice, the problem of limited time has led to 
the development of effective but shorter questionnaires. 
The G8 scale emerged as the most studied scale and was 
examined in four studies. In one of those studies, Belle-
ra et al. developed and evaluated the G8 screening tool 
against various reference tests. The G8 consists of seven 
items from the Mini Nutritional Assessment questionnaire, 
with an item related to patient age. The primary reference 
test was based on a set of CGA scales. When considering 
the primary reference test, G8 tool provided a good sen-
sitivity estimate (85%) without excessive deterioration of 
specificity (65%) [15]. We also examined trends regarding 
preferred geriatric assessment scales. A  total of 16 stud-
ies among the T100 included geriatric assessment scales, 
15 of which were published in 2005 or later. In addition, 
studies using the CGA were published in 2012 or earlier, 
while studies examining G8, VES13, and/or TRST scales 
(i.e., more commonly used shorter scales) were more re-
cent (2012 or later).

The most studied cancer types in the T100 were lung, 
breast, and colorectal cancers. According to global cancer 
statistics published by Globocan in 2018, these three can-
cer types are among the top three in terms of incidence; 
however, their incidence in the population over 65 years is 
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slightly different. While lung and colorectal cancers are the 
most frequent cancers in this age group, the incidence of 
breast cancer is lower. Oncologists together with other pri-
mary care and specialized physicians have achieved longer 
survival rates due to screening programs as well as success 
in the treatment of breast cancer. Therefore, although breast 
cancer incidence is low in the geriatric age group, its overall 
prevalence is still high. The high rate of breast cancer stud-
ies included within the T100 may be related to this finding.

We also examined the centers generating the most 
work within the T100. We expected that the pioneering 
centers would be comprehensive and highly experienced 
cancer centers. The National Institutes of Health (NIH) is 
the primary agency of the US government for biomedical 
and public health research. The National Cancer Institute 
(NCI) is the oldest institute of the NIH, established in 1937. 
Dana-Farber is one of the world’s leading cancer centers, 
a principal teaching affiliate of Harvard Medical School, and 
is one of the cancer centers designated by the NCI, with over 
70 years of experience in cancer treatment. The Memorial 
Sloan Kettering Cancer Center (MSKCC), founded in 1884 
as the New York Cancer Hospital, is a cancer treatment and 
research institution in New York City. It is another of the 51 
NCI-designated Comprehensive Cancer Centers. The geriat-
ric service at MSKCC takes special care of patients aged 65 
years and over. In addition to medical management, it also 
provides services in social work, rehabilitation, emotional 
support for older patients and their caregivers, and nutrition. 
Unicancer brings together the French Comprehensive Can-
cer Centers, promoting their cancer research organizations 
with 16 oncogeriatric centers. The Unicancer Oncogeriatrics 
Group brings together oncologists, geriatricians, radiother-
apists, surgeons, biostatisticians, and pharmacologists, all 
working towards promoting clinical research and innovation 
in oncogeriatrics and tailoring clinical trials for the elderly 
population by adapting methodological approaches and ra-
tionalizing diagnostics and treatments.

Older articles may have been included in the T100 through 
an increasing number of citations over time, or we may have 
overlooked some highly cited papers that could not be in-
cluded in the list because of their publication dates. On the 
other hand, the fact that a significant part of the most cited 
studies came from high-income countries, especially from 
the USA, is a point that should be emphasized. The fact that 
there are more scientists working in the country and more 
access to funding are the factors that increase the quality of 
the studies. Besides, in order to cite a study, it should not be 
forgotten that the possibilities of access (e.g. open access 
journals) may differ according to the development level of 
the country. Because of these limitations, we have avoided 
making generalizations. Finally, conducting bibliometric anal-
yses based on citations, though quantitative, is a subjective 
method of evaluating research quality and scientific efficien-
cy, and qualitative assessments and systematic reviews are 
necessary to better understand this topic.

Conclusions

Our study is the first to analyze the top 100 most-cit-
ed studies in geriatric oncology. According to the results, 
Western high-income countries, especially the USA, were 

the leading countries, and JCO was the leading journal 
in geriatric oncologic studies. In the centers where most 
studies were carried out, the USA was the leader. Also, the 
fact that the most influential articles were published in the 
last ten years reflects the increasing interest in geriatric 
oncology in recent years. As a result, it will be beneficial 
for clinicians to conduct large-scale, multi-center studies in 
the field of geriatric oncology, especially involving different 
geographic regions of the world.

The authors declare no conflicts of interest.
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