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Introduction
Colorectal cancer is the third most common cancer and the second 

leading cause of cancer death in the United States.[1] Approximate-

ly 140,250 new cases of colorectal cancer will be diagnosed in 2018 

in the US, and nearly 50,630 patients will die from this disease.[1] 

Colorectal cancer is also a signifi cant global public health issue, with 

1.2 million cases diagnosed and 600,000 associated deaths each year.

[2] At the time of initial diagnosis, nearly 40% of colorectal cancer 

patients present with localized disease.[1] Five-year survival rates 

vary with the stage at initial diagnosis, refl ecting the risk of cancer 

recurrence aft er curative surgical resection of the primary tumor.[3] 

A signifi cant proportion of stage III colon cancer patients who 

undergo potentially curative surgical resection develop disease re-

currence secondary to clinically occult micrometastatic disease 

present at the time of surgery. Adjuvant chemotherapy administered 

aft er curative surgical resection has the potential to eradicate mi-

crometastatic disease, thereby increasing the chance of cure. Th e 

clinical benefi ts of adjuvant chemotherapy, with respect to prolong-

ing overall survival (OS), have been clearly demonstrated in stage 

III colon cancer.[4,5] For nearly 15 years, oxaliplatin-based chemo-

therapy for 6 months, with FOLFOX (folinic acid, fl uorouracil [5-

FU], oxaliplatin) or XELOX (capecitabine, oxaliplatin; also called 

CAPOX), has been the standard adjuvant treatment for stage III 

colon cancer patients who have good performance status and are 

able to tolerate aggressive combination chemotherapy. However, the 

administration of oxaliplatin-containing adjuvant chemotherapy for 

6 months is associated with several important toxicities, including 

myelosuppression, gastrointestinal toxicity in the form of mucositis 

and/or diarrhea, and neurotoxicity. In particular, the oxaliplatin-in-

duced, cumulative, dose-dependent neurotoxicity, which is usually 

manifested as a peripheral sensory neuropathy, can be a signifi cant 

issue for patients. A reduced duration of adjuvant oxaliplatin-con-

taining chemotherapy, assuming it maintained the effi  cacy of adju-

vant treatment, would be preferable to reduce overall toxicity and 

cumulative neurotoxicity. 

Th e International Duration Evaluation of Adjuvant (IDEA) che-

motherapy collaboration was a global collaborative eff ort to evaluate 

the noninferiority of 3-month vs 6-month oxaliplatin-based adju-

vant chemotherapy in patients with stage III colon cancer using a 

prospectively designed, pooled analysis of 6 concurrently conduct-

ed phase III randomized trials.[6,7] We review the recent fi ndings 

of the IDEA study and discuss the optimal duration of oxalipla-

tin-based adjuvant chemotherapy for stage III colon cancer patients.

The Role of Fluoropyrimidines and Oxaliplatin in 
the Adjuvant Treatment of Stage III Colon Cancer
Th e fl uoropyrimidine 5-FU has been the cornerstone of systemic 

chemotherapy for the management of early-stage and metastatic 

CRC for over 60 years. Th e combination of 5-FU and the reduced 

folate leucovorin (LV) continues to be the main backbone of adju-

vant chemotherapy for patients with early-stage colon cancer.[8] 

Th e benefi t of adjuvant 5-FU–based chemotherapy in stage III co-

lon cancer was established in 1988 by the National Surgical Adju-

vant Breast and Bowel Project (NSABP) in the NSABP C-01 trial. 

Th is study showed that adjuvant chemotherapy with MOF (5-FU, 

semustine, and vincristine) conferred a signifi cant disease-free sur-

vival (DFS) and OS benefi t when compared with surgery alone.[9] 

The Adjuvant Treatment of Stage III Colon 
Cancer: Might Less Be More?
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ABSTRACT: Oxaliplatin-based chemotherapy (FOLFOX [folinic acid, fl uorouracil, oxaliplatin] or XELOX [oxaliplatin, 

capecitabine; also called CAPOX]) for 6 months is the current standard for adjuvant therapy of stage III colon cancer 

patients with good performance status. However, these regimens are associated with signifi cant toxicities, including 

myelosuppression, diarrhea, and oxaliplatin-induced, cumulative, dose-dependent neurotoxicity. A reduced duration of 

adjuvant therapy, which would reduce overall toxicity while maintaining overall clinical effi cacy, would be optimal. The 

goal of the International Duration Evaluation of Adjuvant (IDEA) study was to evaluate the noninferiority of 3-month 

compared with 6-month adjuvant oxaliplatin-based treatment in stage III colon cancer using a prospectively designed 

pooled analysis of 6 concurrently conducted phase III randomized trials. Herein, we review the fi ndings of the IDEA 

study and discuss the optimal duration of oxaliplatin-based adjuvant chemotherapy using patient-based risk factors.
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Over the next 30 years, 5-FU chemotherapy evolved from schedules 

involving bolus administration to infusional schedules of 5-FU and 

leucovorin (LV) in which 5-FU is infused over a period of 46 hours. 

[10-15] Moreover, the infusional 5-FU and LV regimen (LV5FU2) 

developed by de Gramont and colleagues in France was adopted as 

the standard backbone regimen for many subsequent adjuvant com-

bination trials, including the MOSAIC trial.[14,15]

Capecitabine is an oral fl uoropyrimidine analog that off ers in-

creased convenience and potentially improved therapeutic benefi t 

vs intravenous 5-FU chemotherapy.[16] Single-agent capecitabine 

was fi rst approved as adjuvant therapy for stage III colon cancer in 

2005, based on the results of the Xeloda in Adjuvant Colon Cancer 

Th erapy (X-ACT) study, and this study provided the rationale for 

using capecitabine as a fl uoropyrimidine backbone for combination 

regimens that included oxaliplatin and other cytotoxic agents.[17]

Oxaliplatin is a third-generation diaminocyclohexane platinum 

agent, and three large randomized phase III clinical trials—MOSA-

IC, NSABP C-07, and NO16968 (XELOXA)—have documented the 

clear benefi t of adding oxaliplatin to fl uoropyrimidine-based adju-

vant therapy in patients with stage III colon cancer.[18-22]

FOLFOX4 was approved by the US Food and Drug Administra-

tion in 2004 as a standard treatment regimen for adjuvant chemo-

therapy in patients with stage III colon cancer. However, most oncol-

ogists in the US prefer to use the modifi ed FOLFOX6 (mFOLFOX6) 

regimen, where only the day 1 bolus 5-FU is administered along 

with a 46-hour infusion of 5-FU on days 1 and 2. Th is regimen is 

more convenient for the patient, and by eliminating the day 2 bo-

lus 5-FU dose, the safety profi le is improved;  myelosuppression and 

gastrointestinal toxicities are reduced compared with the standard 

FOLFOX4 regimen.[23,24] While no clinical study has directly 

compared FOLFOX4 with mFOLFOX6, the European Society for 

Medical Oncology (ESMO) clinical practice guidelines and the US 
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Figure. The Evolution of the Duration of Adjuvant Chemotherapy.
5-FU = fl uorouracil; IDEA = International Duration Evaluation of Adjuvant; LEV = levamisole; LV = leucovorin; LV5FU2 = infusional 5-FU/LV; NCCTG = North Cen-
tral Cancer Treatment Group; NSABP = National Surgical Adjuvant Breast and Bowel Project; PVI = protracted venous infusion; X-ACT = Xeloda in Adjuvant
Colon Cancer Therapy.
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ADJ TREATMENT OF STAGE III COLON CANCER

National Comprehensive Cancer Network (NCCN) recommend 

mFOLFOX6 as adjuvant chemotherapy for patients with stage III 

colon cancer.[25,26] To further reduce toxicity, in particular, the 

chemotherapy-associated myelosuppression, some clinicians pre-

fer the mFOLFOX7 regimen. With this regimen, only the 46-hour 

infusion of 5-FU is administered on days 1 and 2, with complete 

elimination of bolus 5-FU.

To date, no clinical study has directly compared FOLFOX4 or 

any other FOLFOX regimen with CAPOX in the adjuvant setting. 

However, a cross-trial comparison suggests that CAPOX provides 

similar clinical benefi t in terms of DFS and OS to that observed with 

FOLFOX4. As a result, CAPOX is now a standard treatment option 

for adjuvant chemotherapy in patients with stage III colon cancer.

Shorter Duration of Adjuvant Therapy
Since the initial reports by the NSABP and the North Central Can-

cer Treatment Group (NCCTG) in the late 1980s and early 1990s 

on the benefi t of adjuvant chemotherapy for stage III colon cancer, 

there has been a dramatic evolution in the overall duration of adju-

vant chemotherapy (Figure). In the NSABP C-01 study, which was 

the fi rst study to document the clinical benefi t of adjuvant chemo-

therapy in the late 1980s, the MOF regimen was administered for 

18 months.[19] INT-0035 was the next important study, in which  

5-FU/levamisole was administered for a total of 12 months.[10-15] 

In all of the adjuvant studies subsequently conducted by the NS-

ABP, 48 weeks was selected as the treatment duration. Haller and 

colleagues from the US GI Intergroup conducted the landmark INT-

0089 study, and concluded that 6 months of 5-FU/LV was equivalent 

to 12 months of 5-FU plus levamisole.[27] Th e NCCTG, in collabo-

ration with the National Cancer Institute of Canada, confi rmed that 

6 months of 5-FU and LV yielded clinical benefi t equivalent to 12 

months of 5-FU/LV plus levamisole.[28] In Europe, André et al con-

ducted a randomized 2 × 2 factorial study comparing semimonthly 

infusional LV5FU2 with monthly 5-FU/LV and 24 vs 36 weeks of 

each adjuvant treatment in patients with stage II/III colon cancer.

[15] Th is study confi rmed that semimonthly infusional LV5FU2 was 

associated with an improved safety profi le as compared with month-

ly 5-FU/LV. Moreover, the clinical benefi t was essentially the same 

for the two treatment groups and the two treatment durations, thus 

providing further evidence for 6 months as the standard duration for 

adjuvant therapy.

In the United Kingdom, Chau et al conducted an adjuvant thera-

py trial of 801 patients with stage II/III colorectal cancer to compare 

the clinical effi  cacy of 3-month protracted venous infusion (PVI) 

of 5-FU (300 mg/m2/d)  vs 6-month standard-bolus 5-FU/LV.[29] 

Th is trial is somewhat more complicated than the other adjuvant 

trials because it included patients with both early-stage colon can-

cer and rectal cancer. Despite the inclusion of rectal cancer patients, 

the chance of the 3-month treatment being inferior to the 6-month 

treatment was extremely low (P < .005). With respect to the specifi c 

clinical endpoints when comparing bolus 5-FU/LV and PVI 5-FU, 

the 5-year relapse-free survival (RFS) rates were 66.7% and 73.3%, 

respectively (P = .10), while the 5-year OS rates were 71.5% and 

75.7%, respectively (P = .083). Although not statistically signifi cant, 

both 5-year RFS and 5-year OS favored the shorter duration of 3 

months of PVI 5-FU therapy. Of note, the 3-month PVI 5-FU regi-

men was associated with signifi cantly reduced overall toxicities: less 

diarrhea, stomatitis, nausea/vomiting, alopecia, lethargy, and neu-

tropenia compared with 6-month treatment (P < .0001). As noted, 

despite the inclusion of patients with both early-stage colon cancer 

and rectal cancer, this is a historically important study, since it pro-

vided the fi rst direct evidence for the potential benefi t of 3-month 

adjuvant chemotherapy in the setting of stage III colon cancer. 

The IDEA Collaboration 
Th e IDEA collaboration was an international collaboration of clini-

cal investigators and statisticians from six randomized phase III tri-

als: SCOT (Short Course Oncology Treatment), TOSCA (Th ree or 

Six Colon Adjuvant), CALGB/SWOG (Cancer and Leukemia Group 

B/Southwest Oncology Group) 80702, IDEA France, ACHIEVE, 

and HORG (Hellenic Oncology Research Group).[6,7] Th e study’s 

objective was to evaluate the noninferiority of 3-month oxalipla-

tin-based adjuvant treatment vs 6-month treatment in patients with 

stage III colon cancer using a prospectively designed, pooled anal-

ysis of individual patient data from the six concurrently conducted 

phase III randomized trials (Table). A total of 12,834 patients were 

enrolled in this study, and the primary endpoint was 3-year DFS. 

Aft er a median follow-up of 41.8 months, the 3-year DFS rates were 

74.6% (95% CI, 73.5–75.7) in the 3-month therapy group and 75.5% 

(95% CI, 74.4–76.7) in the 6-month group. Based on statistical anal-

ysis of the modifi ed intention-to-treat population for the entire co-

hort of patients from the 6 randomized clinical trials, noninferiority 

of 3-month to 6-month therapy was not confi rmed (hazard ratio 

[HR], 1.07; 95% CI, 1.00–1.15; P [for noninferiority of 3-month 

therapy] = .11; P [for superiority of the 6-month therapy] = .045). 

However, it should be noted that the diff erence in 3-year DFS was 

only 0.9%. A subgroup analysis demonstrated that 3-month CAPOX 

was noninferior to 6-month CAPOX (HR, 0.95; 95% CI, 0.85–1.06), 

with 3-year DFS rates of 75.9% and 74.8%, respectively. In contrast 

to CAPOX, 6-month FOLFOX was superior to 3-month FOLFOX 

(HR, 1.16; 95% CI, 1.06–1.26; P [for superiority of 6-month therapy] 

= .001), with 3-year DFS rates of 76.0% and 73.6%, respectively.

A preplanned analysis was performed, stratifying patients on 

the basis of T and N stage. For patients with low-risk features (T1, 

T2, or T3 and N1), 3-month therapy with the combined treatments 

of CAPOX and FOLFOX was noninferior to 6-month therapy. Th e 

3-year DFS rates were nearly identical:  83.1% and 83.3%, respec-

tively (HR, 1.01; 95% CI, 0.90–1.12). However, patients with high-

risk features (T4, N2, or both) experienced an improved 3-year DFS 

rate when treated with 6-month combined therapy. DFS rates for 

the 3-month and 6-month therapies were 62.7% and 64.4%, re-

spectively (HR, 1.12; 95% CI, 1.03–1.23; P [for superiority] = .01). 

In patients with low-risk features (T1, T2, or T3 and N1), 3-month 

CAPOX therapy was noninferior to 6-month CAPOX therapy; the 

3-year DFS rate was 85.0% vs 83.1%, respectively (HR, 0.85; 95% CI, 

0.71–1.01). In contrast, in patients with high-risk features, 6-month 

FOLFOX therapy was superior to 3-month FOLFOX therapy; the 

3-year DFS rate for the 3-month therapy was 61.5%, and for the 

6-month therapy, 64.7% (HR, 1.20; 95% CI, 1.07–1.3).[7] 

Th e incidence of toxicities, including diarrhea, neutropenia, 
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thrombocytopenia, nausea, mucositis, fatigue, and hand-foot syn-

drome, was signifi cantly lower in the 3-month therapy group. Neu-

rotoxicity of grade ≥ 2 during active therapy and in the month af-

ter treatment cessation was also substantially lower in the 3-month 

group (16.6% with FOLFOX and 14.2% with CAPOX) than in the 

6-month group (47.7% with FOLFOX and 44.9% with CAPOX). 

Th e IDEA study investigators concluded that noninferiority of 

3-month therapy was not confi rmed in the overall population of 

patients with stage III colon cancer receiving adjuvant therapy with 

FOLFOX or CAPOX. However, in patients treated with CAPOX, 

3-month therapy was as eff ective as 6-month therapy, especially in 

patients with low-risk features (T1, T2, or T3 and N1). Th e results 

of the IDEA study provide strong evidence for individualization of 

the duration of adjuvant therapy of stage III colon cancer according 

to the specifi c adjuvant chemotherapy (CAPOX or FOLFOX) and 

tumor characteristics (low- vs high-risk features). 

Shi and colleagues of the IDEA study presented the initial overall 

fi ndings of the pooled analysis at the 2017 annual meeting of the 

American Society of Clinical Oncology.[6] Th e results from four of 

the six individual randomized clinical trials have since been pub-

lished.[30-33] IDEA France was a phase III trial that randomized 

2,010 patients with stage III colon cancer to either 3 or 6 months 

of modifi ed FOLFOX 6 (mFOLFOX6; a regimen in which only the 

day 1 bolus 5-FU is administered along with a 46-hour infusion of 

5-FU on days 1 and 2) or CAPOX.[30] As was the case for the overall 

analysis, the primary endpoint was DFS. Th e vast majority (90%) 

of patients received mFOLFOX6. Overall, the 3-month therapy 

group had a lower 3-year DFS rate than the 6-month therapy group 

(72% vs 76%; HR, 1.24; 95% CI, 1.05–1.46; P = .0112). For patients 

with high-risk features, 3-year DFS rates were 58% and 66% in the 

3-month and 6-month therapy groups, respectively (HR, 1.44; 95% 

CI, 1.14–1.82). In contrast, for patients with low-risk features, the 

3-year DFS rates were 81% and 83% in the 3-month and 6-month 

therapy groups, respectively (HR, 1.15; 95% CI, 0.89–1.49). Th e rate 

of neuropathy grade ≥ 2 at any time point was 36% (28% grade 2 and 

8% grade ≥ 3) in the 3-month therapy group and signifi cantly higher 

at 66% (41% grade 2 and 25% grade ≥ 3) in the 6-month therapy 

group (P < .001). Aft er a median follow-up of 3.6 years, the rate of 

persistent residual neuropathy grade ≥ 2 was 2.5% (2% grade 2 and 

0.5% grade ≥ 3) in the 3-month therapy group and 8% (6% grade 2 

and 2% grade ≥ 3) in the 6-month therapy group (P < .001).

SCOT was a randomized, phase III noninferiority trial conduct-

ed in several European countries: 6,088 patients with high-risk stage 

II/III colon cancer were randomized to receive either 3 or 6 months 

of adjuvant CAPOX or FOLFOX.[31] However, the decision to treat 

with CAPOX or FOLFOX was made solely at the discretion of the 

Table. IDEA Clinical Trials 

SCOT[31] IDEA 

France[30]

TOSCA[32] ACHIEVE[33] CALGB/SWOG 

80702[7]

HORG[7] All Patients[7]

Countries UK, Den-
mark, Spain, 
Australia, 
Sweden, 
New Zealand

France Italy Japan US, Canada Greece

Stage III patients (N) 3,983 2,010 2,402 1,291 2,440 708 12,834

Risk group

   T1–T3/N1
   T4, N2, or both

51.0%
49.0%

62.0%
38.0%

65.5%
34.5%

55.6%
44.4%

63.6%
36.4%

59.1%
40.9%

58.7%
41.3%

Chemotherapy regimen

   CAPOX
   FOLFOX
Median follow-up

3-year  DFS

   3-mo therapy
   6-mo therapy

CAPOX vs
mFOLFOX6
66.5%
33.5%
36.8 mo

76.7%
77.1%

CAPOX vs
mFOLFOX6
10.0%
90.0%
51.3 mo

72%
76%

CAPOX vs
FOLFOX4
34.0%
66.0%
61.7 mo

78.8%a 
78.7%a 

CAPOX vs
mFOLFOX6
75.1%
24.9%
36.7 mo

79.5%
77.9%

mFOLFOX6 

0%
100%
34.9 mo

CAPOX vs
FOLFOX4
58.2%
41.8%
47.5 mo

39.5%
60.5%
41.8 mo

74.6% (95% CI, 
73.5%–75.7%)
75.5% (95% CI, 
74.4%–76.7%)

Neuropathy ≥ grade 2

   3-mo therapy
   6-mo therapy

25%
58%

36%
66%

9%
31%

14%
36%

FOLFOX
16.6% 
47.7% 

CAPOX
14.2%
44.9%

ª 3-yr relapse-free survival.

ACHIEVE = Adjuvant Chemotherapy for Colon Cancer with High Evidence; CALGB = Cancer and Leukemia Group B; CAPOX = capecitabine, oxaliplatin; 

CI = confi dence interval; DFS = disease-free survival; FOLFOX = fl uorouracil (5-FU), leucovorin, oxaliplatin; FOLFOX4 = infusional 5-FU, leucovorin, oxaliplatin; 

HORG = Hellenic Oncology Research Group; IDEA = International Duration Evaluation of Adjuvant; mFOLFOX6 = modifi ed FOLFOX regimen, in which only the 

day 1 bolus 5-FU is administered along with a 46-hour infusion of 5-FU on days 1 and 2; SCOT = Short Course Oncology Treatment; SWOG = Southwest Oncol-

ogy Group; TOSCA = Three or Six Colon Adjuvant.

Data from Grothey et al. N Engl J Med. 2018.[7]
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treating physician. Th is was the largest of all of the six studies con-

ducted as part of the IDEA collaboration and the largest randomized 

study conducted to date of adjuvant therapy for early-stage colon 

cancer. SCOT is signifi cant in that it enrolled the largest number 

of patients treated with CAPOX. Th e results showed that 3-month 

adjuvant chemotherapy was noninferior to 6-month therapy in pa-

tients with stage III colon cancer, with the same 3-year DFS rate in 

both groups (HR, 1.015 ; 95% CI, 0.909–1.132). A post-hoc anal-

ysis of 3-year DFS for patients in the CAPOX group revealed that 

3 months of CAPOX therapy was signifi cantly noninferior to 6 

months of therapy. Th e 3-year DFS was 76.9% in the 3-month ther-

apy group vs 76.1% in the 6-month therapy group (HR, 0.944; 95% 

CI, 0.835–1.067; P [for noninferiority] = .002). Th e frequency of 

grade ≥ 3 toxicities was signifi cantly higher in the 6-month than in 

the 3-month group (59% vs 36%; P < .0001): diarrhea (17% vs 12%; 

P = .033), neutropenia (14% vs 10%; P = .031), pain (6% vs 2%; P = 

.014), and hand-foot syndrome (5% vs 2%; P = .031). Peripheral neu-

ropathy of grade ≥ 2 was signifi cantly greater in the 6-month than 

in the 3-month therapy group (58% vs 25%). Peripheral neuropa-

thy was also assessed using the patient-reported outcome FACT/

GOG-Ntx4 questionnaire, which showed that peripheral neuropa-

thy was worse in the 6-month group and persisted for at least 5 years. 

Quality of life was measured using well-established assessment tools, 

including European Organisation for Research and Treatment of 

Cancer (EORTC) QLQ-C30, QLQ-CR29, and EQ-5D-3L, and was 

found to be signifi cantly worse for patients treated with 6 months 

of adjuvant chemotherapy compared with 3 months of treatment.

TOSCA, a phase III trial conducted in Italy, randomized patients 

with high-risk stage II or stage III colon cancer to 3- or 6-month 

therapy with FOLFOX4 or XELOX.[32] A total of 3,759 patients 

were enrolled (FOLFOX4 was given to  64% and XELOX to 36%), 

and 2,402 patients had stage III disease. In the overall study pop-

ulation (stage II and III disease), 3-year relapse-free survival (RFS) 

was 81.1% in the 3-month therapy group and 83.0% in the 6-month 

group (HR, 1.14; 95% CI, 0.99–1.32; P [for noninferiority] = .514). 

In patients with stage III colon cancer, 3-year RFS rates were 78.8% 

in the 3-month group and 78.7% in the 6-month group (3-year RFS 

diff erence, 0.1%; HR, 1.07; 95% CI, 0.91–1.26). Of note, in patients 

with high-risk stage II colon cancer, 3-year RFS rates were 85.5% in 

the 3-month group and 91.2% in the 6-month group (3-year RFS 

diff erence, 5.7%; HR, 1.41; 95% CI, 1.05–1.89; P [for superiority of 

6 months of therapy] = .022). Th e rate of neuropathy grade ≥ 2 was 

9.0% in the 3-month group and 31.0% in the 6-month group. TOS-

CA was not able to demonstrate noninferiority of 3-month oxalipla-

tin-based adjuvant treatment to 6-month therapy. However, the ab-

solute diff erence in 3-year RFS was small (1.9%), and this diff erence 

was primarily driven by the diff erence in the stage II population, 

which accounted for about one-third of the study population (n for 

stage II = 1,254; n for stage III = 2,360).

ACHIEVE was a phase III trial conducted in Japan that ran-

domized patients with stage III colon cancer to receive either 3- or 

6-month mFOLFOX6 or CAPOX adjuvant chemotherapy.[33] A 

total of 1,313 patients were randomized (15% T1/T2, 57% T3,  28% 

T4, and 26% N2). Th e 3-year DFS rate was 79.5% in the 3-month 

group and 77.9% in the 6-month group (HR, 0.954; 95% CI, 0.758–

1.201). Subgroup analysis revealed that the HR was 0.811 (95% CI, 

0.532–1.236) in patients with low-risk features (T1–T3 and N1) and 

1.066 (95% CI, 0.810–1.403) in patients with high-risk features (T4 

or N2). HR was 1.065 (95% CI, 0.709–1.600) in patients treated with 

FOLFOX and 0.904 (95% CI, 0.684–1.195) in those treated with 

CAPOX. Th e frequency of grade ≥ 2 neurotoxicity was signifi cant-

ly lower in the 3-month therapy group than in the 6-month group 

(14% vs 36%; P < .001).

Consensus Recommendations
Th e IDEA clinical consensus recommends a risk-based approach in 

deciding on the duration of adjuvant therapy.[6,7] For patients with 

low-risk stage III colon cancer (T1–3, N1), 3 months of CAPOX 

adjuvant chemotherapy is appropriate. For patients with high-risk 

stage III colon cancer (T4 and/or N2 or other high-risk factors), 6 

months of adjuvant therapy with CAPOX or FOLFOX is appropri-

ate. Th e IDEA investigators concluded that the duration of thera-

py should be determined by tolerability of therapy, patient prefer-

ence, assessment of recurrence risk, and specifi c treatment regimen 

(CAPOX vs FOLFOX).

Th e European Society for Medical Oncology 2017 annual meet-

ing held a special session to review the IDEA fi ndings.  Th e dis-

cussants at this session concluded that the specifi c chemotherapy 

regimen and patient preference should be the main factors that 

determine treatment duration, with clinical risk factors, including 

T4 and/or nodal status, playing a less important role.[34] In general, 

CAPOX for 3 months should be recommended for low-risk disease, 

while CAPOX or FOLFOX for 6 months should be recommended for 

high-risk disease. No consensus recommendation was made concern-

ing the role of 3-month CAPOX therapy for high-risk N2 disease.

In the United States, the most recent National Comprehensive 

Cancer Network guidelines recommend CAPOX for 3 months as 

the preferred regimen or FOLFOX for 3 to 6 months (with category 

1 evidence for 6 months) for patients with low-risk stage III colon 

KEY POINTS

 § The IDEA study was not able to confi rm the noninferiority of 

3 months of oxaliplatin-containing adjuvant chemotherapy vs 

6 months of therapy.

 § The absolute difference in 3-year disease-free survival between 

the two treatment arms—0.9%—while statistically signifi cant, 

may not be clinically meaningful.

 § The IDEA study provides strong evidence for individualizing the 

duration of adjuvant therapy for stage III colon cancer based 

on the specifi c treatment regimen (CAPOX vs FOLFOX) and 

the patient‘s specifi c disease characteristics (low- vs high-risk 

disease).

 § Patient preferences must be factored into the decision-making 

process regarding the duration of adjuvant therapy.
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cancer (T1–3, N1).[26] For patients with high-risk stage III colon 

cancer (T4/N1–2 or any T4/N2), the preferred regimen should be 

CAPOX for 3 to 6 months (with category 1 evidence for 6 months) 

or FOLFOX for 6 months (category 1).

Controversies, Limitations, and Unresolved Issues 
Several controversies are associated with the IDEA study, stemming 

from limitations inherent in the study. Perhaps the most important 

controversy involves the fact that the noninferiority of 3 months of 

oxaliplatin-based adjuvant therapy vs 6 months of oxaliplatin-based 

adjuvant therapy was not proven. Th is controversy is exacerbated by 

one of the major limitations of the IDEA study—namely, that this 

was a pooled analysis of six randomized clinical trials from diff erent 

regions of the world. Each of these studies had a slightly diff erent 

study design and involved a diff erent patient population; moreover, 

each study used a diff erent proportion of FOLFOX and CAPOX ad-

juvant chemotherapy. With regard to this latter point, it should be 

emphasized that patients were not specifi cally randomized between 

FOLFOX and CAPOX in any of the individual IDEA studies. Such 

a randomization of patients to FOLFOX vs CAPOX and to 3 vs 6 

months of adjuvant therapy would have been ideal and would have 

made the subsequent statistical analyses much cleaner. Th us, while 

preplanned analyses revealed that the benefi t of a 3-month duration 

of treatment was dependent on patient stratifi cation and the specifi c 

treatment used, these conclusions lack the weight they might have 

had if patients had been randomly assigned to  FOLFOX or CAPOX. 

In addition to heterogeneity across the IDEA studies in terms 

of FOLFOX vs CAPOX therapy (which was based on physician 

choice), another signifi cant limitation involves the relatively high 

degree of heterogeneity with respect to treatment compliance. For 

example, in the French study, 94% of the patients in the 3-month 

treatment arm received the full-length treatment, while only 78% 

of those in the 6-month arm received the full-length treatment; a 

similar diff erence in treatment compliance was observed between 

the 3-month arm and the 6-month arm in the Italian TOSCA study. 

Finally, an ongoing debate involves the small absolute diff erence 

of 0.9% between the 3-month and 6-month treatment arms: 74.6% 

vs 75.5%. Although the predefi ned goal for statistical noninferiority 

was not met, is the absolute diff erence of < 1% worth an additional 3 

months of chemotherapy, with its associated increased toxicity and 

potential impairment of quality of life? 

Th ere remain several unresolved issues associated with the IDEA 

study. Th ese are as follows: 

1. Should T4 and N2 patients be considered in the same tier with 

regard to risk of disease recurrence? Th e clinical data suggest that 

T4 disease may be a more powerful negative prognostic factor than 

N2 disease and that T4 patients benefi t from 6 months of therapy. 

Further stratifi cation of T4 disease to T4a and T4b may be required 

to more precisely identify patients at increased risk for recurrence. 

2. What is the role of tumor sidedness in determining the optimal 

length of adjuvant therapy? Th is is an especially relevant issue given 

the recent fi ndings from the SCOT trial on the eff ect of tumor sid-

edness. 

3. Are there other tumor-specifi c biomarkers—such as microsatellite 

instability, gene expression profi le and/or consensus molecular sub-

type status, BRAF and/or KRAS mutations, and quantifi cation of in 

situ immune cell infi ltrates in the tumor microenvironment—that 

might identify patients at high risk who would require 6 months of 

adjuvant therapy? 

4. What is the optimal treatment duration for patients with high-

risk stage II colon cancer? Of the six IDEA trials, only the SCOT 

and TOSCA trials included this specifi c patient population. Th e data 

from these two studies suggest that 6 months of therapy should be 

recommended, but this remains to be confi rmed. 

5. What is the optimal duration of therapy for elderly patients? 

6. Is 6 months of therapy really necessary for both oxaliplatin and 

a fl uoropyrimidine, whether it be oral capecitabine or intravenous 

5-FU, or is it possible to treat with only 3 months of oxaliplatin fol-

lowed by an additional 3 months of fl uoropyrimidine monotherapy?

Conclusions
For nearly 15 years since the initial reporting of the MOSAIC study, 

oxaliplatin-based chemotherapy with either FOLFOX or CAPOX 

for 6 months has been the gold standard for stage III colon cancer 

patients who have good performance status and are able to tolerate 

more aggressive cytotoxic combination chemotherapy. However, the 

survival benefi t with oxaliplatin-containing adjuvant chemotherapy 

for 6 months comes with signifi cant toxicities. Th ere are both acute 

short-term side eff ects, such as myelosuppression, diarrhea, and 

hand-foot syndrome, and chronic eff ects, such as peripheral sensory 

neuropathy. In particular, the cumulative, dose-dependent periph-

eral neuropathy impairs the ability to perform normal activities of 

daily living in a large majority of patients, and in some cases, this 

impairment can persist for years aft er completion of therapy. Other 

side eff ects, including myelosuppression, diarrhea, and/or mucositis, 

can also be problematic for patients and may adversely impact their 

overall quality of life.

Since the 1980s, there has been an ongoing evolution of the over-

all duration of adjuvant therapy. Th e very fi rst eff ective adjuvant 

regimen, MOF, was administered for 18 months; now, the gold stan-

dards, FOLFOX and CAPOX, as well as fl uoropyrimidine mono-

therapy, are administered for 6 months. Th e IDEA study goes one 

step further. Th e overall analysis of IDEA was not able to confi rm 

the noninferiority of 3 months of oxaliplatin-containing adjuvant 

chemotherapy vs 6 months of therapy. However, it should be not-

ed that the clinical benefi t of 6 months of therapy, as determined 

by the primary endpoint of 3-year DFS, was only 0.9% higher than 

that of 3 months of therapy. Although this diff erence was statistically 

signifi cant, the question remains whether a diff erence of < 1% is tru-

ly clinically meaningful. Moreover, subgroup analysis revealed that 

3-month therapy with either CAPOX or FOLFOX was as eff ective as 

6-month therapy, particularly in patients with low-risk features (T1, 

T2, or T3 and N1). 

Th e IDEA study provides strong evidence for individualizing 

the duration of adjuvant therapy for patients with stage III colon 
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cancer according to the type of adjuvant chemotherapy (CAPOX vs 

FOLFOX) and specifi c risk characteristics of the patient’s disease 

(low-risk vs high-risk cancer). Given the nearly 13,000 patients en-

rolled in the IDEA study, further studies are needed to interrogate 

this impressively large clinical database and identify a potential bio-

marker and/or molecular signature that could more precisely iden-

tify the subset of patients who would truly benefi t from 3 months 

of adjuvant chemotherapy and those who would require 6 months.

Finally, patient preferences must be factored into the deci-

sion-making process, and there are at least three areas where pa-

tient choice comes into play with adjuvant chemotherapy. Th e fi rst 

issue for a patient to consider is whether to take an oral pill, as with 

capecitabine, or to receive intravenous chemotherapy with infusion-

al 5-FU. Th e second and perhaps more relevant point is whether a 

patient is willing to be treated with 6 months of adjuvant chemo-

therapy, whether it be FOLFOX or CAPOX, in the hopes of gain-

ing a 0.9% improvement in overall clinical benefi t and weighing 

that against the potential for increased overall toxicity and negative 

impact on quality of life that are associated with longer treatment. 

Th e third and fi nal issue relates to the potential pharmacoeconomic 

implications of being treated for an additional 3 months. Without 

question, an additional 3 months of chemotherapy comes with in-

creased economic costs to both the overall healthcare system and 

the patient. Further studies will be needed to determine the fi nancial 

impact of 3-month vs 6-month adjuvant chemotherapy, but as with 

clinical effi  cacy, safety profi le, and quality of life, less chemotherapy 

may end up being more cost-eff ective to the individual patient as 

well as to the overall healthcare system. m
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Methods of Determining Cell of Origin (COO)
From a panel of genes involved in lymphocyte development and ac-

tivation, Alizadeh et al created a unique DNA microarray (termed 

the Lymphochip) and determined that a subset of diff use large B-cell 

lymphoma (DLBCL) cases expressed genes associated with the ger-

minal center B-cell reaction, while another group expressed genes 

involved in lymphocyte activation in the postgerminal center state.

[1] Th e former group, called germinal center B-cell–like (GCB) 

lymphomas, expresses genes including those encoding for CD10 

and BCL6. Th e latter, the activated B-cell–like (ABC) group, nota-

bly expresses IRF4 and BCL2. Th e investigators found a diff erence 

in overall survival (OS) between GCB and ABC DLBCL patients. 

A larger follow-up study of DLBCL patients treated with standard 

anthracycline-based therapy reported a 60% 5-year OS rate for GCB 

patients vs 35% in ABC patients.[2] ABC patients were more likely 

to be older than age 60 and to have an Eastern Cooperative Oncolo-

gy Group (ECOG) performance status score > 1. Subsequent studies 

have led to an increased understanding of the distinct pathways that 

lead to lymphomagenesis in GCB vs ABC DLBCLs that may repre-

sent therapeutic targets.[3] 

Because gene expression profi ling is not widely accessible, re-

searchers approximated molecular subtypes using immunohis-

tochemical (IHC) patterns.[4-8] Th e Hans algorithm, which uses 

CD10, BCL6, and MUM1 status to distinguish between GCB and 

non-GCB DLBCL, remains the most widely used of these algorithms 

(Figure). Th e nomenclature includes GCB and non-GCB rather than 

ABC. Each algorithm has confi rmed that GCB DLBCL has better 

outcomes than non-GCB.[9] However, immunochemistry is imper-

fect in assessing molecular subtype, and more precise strategies have 

been pursued.[10] 

Th e NanoString is a newer, alternate method of determining 

COO using formalin-fi xed paraffi  n-embedded tissue. Lymph2Cx 

is one assay that employs NanoString technology; it uses a 20-gene 

panel to assess COO and may be more accurate than the Hans algo-

rithm.[11,12] Th is method is currently being studied in the clinical 

trial setting. Th e ROBUST trial, an international phase III study of 

R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, 

and prednisone) plus lenalidomide or placebo, has employed the 

Lymph2Cx. Th e investigators recently reported that 2,110 samples 

were assessed; 788 were ABC, 1,010 were non-ABC, and the remain-

ing 312 (15%) were unable to be processed based on technical prob-

lems such as inadequate tissue amount.[13] Th ey concluded that 

Lymph2Cx is a feasible method of determining COO in this setting 

in which quick turnaround time is desired. Th ough it is infrequently 

used in clinical practice at this time, this type of technology may 

become more widespread, particularly if clinical implications grow.

Use of COO in Clinical Practice
Th e majority of pathologists who report COO do so based on IHC 

patterns. While multiple studies have demonstrated that ABC (or 

non-GCB) has a less favorable prognosis than GCB DLBCL,[1,2] the 

data are insuffi  cient to treat the molecular subtypes diff erently in the 

absence of cytogenetic abnormalities. Six cycles of R-CHOP general-

ly remain the standard of care for most patients with advanced-stage 

DLBCL. Randomized clinical trials incorporating targeted treat-

ments in these frontline regimens are described in detail below and 

in Table 1. 

COO is somewhat helpful in determining which DLBCL pa-

tients are appropriate to assess for double-hit (DHL) or triple-hit 

lymphoma (THL). Th ese entities, which are referred to as high-
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grade B-cell lymphoma (HGBL) with MYC and BCL2 and/or BCL6 

rearrangements in the World Health Organization 2016 classifi -

cation, are characterized by such chromosomal rearrangements.

[14] Double protein expressor lymphomas (DELs) have increased 

protein expression of MYC and BCL2 in the absence of cytogenet-

ic abnormalities. While both entities have poorer response to stan-

dard immunochemotherapy compared with DLBCL not otherwise 

specifi ed, HGBL-DHL/THLs are particularly aggressive and are typ-

ically treated with more intensive chemotherapy regimens, such as 

dose-adjusted (DA) EPOCH-R (etoposide, prednisone, vincristine, 

cyclophosphamide, doxorubicin, and rituximab).[15,16] 

DHL/THLs are more commonly of a GCB subtype; in contrast, 

DELs are more likely of ABC subtype (or non-GCB).[17] A recent 

investigation of 1,222 DLBCL patients assessed fl uorescence in situ 

hybridization (FISH) tests for MYC, BCL2, and BCL6, as well as 

COO using Lymph2Cx and IHC.[18] HGBL-DHL/THLs comprised 

7.9% of DLBCL cases and were almost entirely GCB (13.3% GCB 

vs 1.7% ABC). Th e study determined that a method of screening 

DLBCL patients in which FISH for MYC, BCL2, and BCL6 is done 

solely on those cases determined to be GCB by either Lymph2Cx 

or IHC (using the Hans criteria)—and that also demonstrate dou-

ble protein expression of MYC and BCL2—would limit testing to 

11% to 14% of DLBCLs; however, about one-third of HGBL-DHL/

THL cases would be missed. As a result, there is no consensus on 

screening strategy for deeper assessment of DHL/THLs within spe-

cifi c COO subtypes.

Clinical Trials With DLBCL According to COO
A number of clinical trials have assessed novel agents in newly diag-

nosed and relapsed/refractory DLBCL patients based on molecular 

subtype. Early studies suggested potential benefi t of lenalidomide, 

bortezomib, and ibrutinib more selectively in ABC/non-GCB com-

pared with GCB DLBCL.

Lenalidomide was initially studied in 40 heavily pretreated re-

lapsed/refractory DLBCL patients. Investigators assessed responses 

based on IHC using the Hans criteria and found that the overall 

response rate (ORR) of the 23 GCB patients was 8.7%, compared 

with 23.5% in non-GCB, with a diff erence in progression-free sur-

vival (PFS) of 1.7 vs 6.2 months in favor of non-GCB patients.[19] 

A phase II study of R-CHOP plus lenalidomide in newly diagnosed 

DLBCL patients between 60 and 80 years of age found similar re-

sults in non-GCB and GCB subtypes. Th e 2-year OS rate of 92% and 

2-year PFS rate of 80% were notable, since non-GCB patients have 

historically had inferior outcomes compared with GCB patients.[20] 

Th e phase III REMARC study randomized patients with newly diag-

nosed DLBCL (aged 60 to 80 years) to maintenance lenalidomide or 

placebo for up to 2 years following treatment with R-CHOP.[21] In-

terestingly, there was a more favorable PFS in GCB than in non-GCB 

patients treated with lenalidomide maintenance when IHC was used 

to determine COO, but not when NanoString was used. Th e ECOG 

1412 study enrolled newly diagnosed stage II bulky and stages III/IV 

DLBCL patients to R-CHOP with lenalidomide vs placebo. Results 

have not yet been reported for this study or for the ROBUST study, 

which is investigating the same combination.

Bortezomib was fi rst assessed in 49 patients with relapsed/

refractory DLBCL.[22] Gene expression profi ling and IHC were 

performed in about half of patients; results were concordant in all 

but one. Twenty-three patients were treated with single-agent bor-

tezomib (part A); responding patients received DA-EPOCH-R and 

an additional group received the combination of bortezomib and 

DA-EPOCH-R (part B). Complete response (CR) rates were strik-

ingly higher in ABC patients (41.5% vs 6.5%), and median OS was 

10.8 months for ABC vs 3.4 months for GCB patients (P = .0024). 

Multiple trials have subsequently studied bortezomib plus chemo-

therapy in newly diagnosed DLBCL patients. A phase I/II study of 

14 GCB and 18 non-GCB patients found similar PFS and OS in both 

groups treated with bortezomib plus R-CHOP.[23] Th ree random-

ized studies (PYRAMID, LYM2034, and REMoDL-B) assessed che-

motherapy vs chemotherapy plus bortezomib in ABC (non-GCB) 

patients.[24-26] Th e REMoDL-B study also included GCB patients. 

PYRAMID and LYM2034 reported no diff erences in CR and PFS 

rates. While fi nal results from the REMoDL-B study are pending, 
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Figure.  Hans Algorithm to Approximate Molecular Subtypes Based on Immunohistochemical Patterns.
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awaiting 30-month follow-up, patients with ABC and GCB DLBCL 

had similar PFS rates.

Ibrutinib was also investigated as a single agent in relapsed/re-

fractory DLBCL.[27] Response rates were signifi cantly higher in 

ABC (14/38) vs GCB (1/20) patients, with median OS of 10.32 vs 

3.35 months in the two groups. A phase IB study of R-CHOP plus 

ibrutinib included 11 patients with COO data; 5 of 7 GCB patients 

had a CR vs 4 of 4 non-GCB patients. Th e majority were able to com-

plete 6 planned cycles of R-CHOP.[28] Another study (PHOENIX) 

randomized patients with newly diagnosed non-GCB DLBCL to re-

ceive either R-CHOP or R-CHOP plus ibrutinib. Results have not 

yet been reported. 

While many of the randomized trials in patients with newly di-

agnosed DLBCL are either ongoing or pending fi nal results, those 

reported have shown improved results compared with prior stud-

ies of standard immunochemotherapy. One explanation is that the 

“screening steps” required to enroll in a prospective trial of a tar-

geted agent in a DLBCL subtype result in a more favorable patient 

population than those included in the retrospective studies in which 

COO diff erences were established. Th is unintended selection bias 

could blunt the impact of the addition of a targeted agent in a DL-

BCL setting. Finally, a number of combination studies with these 

novel agents (including ibrutinib and lenalidomide) are ongoing in 

relapsed/refractory DLBCL patients (eg, ClinicalTrials.gov identifi -

er: NCT02077166). At the current time, there is insuffi  cient evidence 

to incorporate these drugs into therapy for newly diagnosed DLBCL 

outside of a clinical trial setting.

Future Directions for Tailoring Treatment in 
DLBCL
Over the past 10 years, DHL/THL patients have emerged as the 

DLBCL cases with the worst outcomes. DEL cases have an interme-

diate prognosis compared with DHL/THL and standard DLBCL. 

Strategies are being undertaken to try to improve outcomes in these 

patients with more aggressive disease. To date, however, there have 

been no clinical trials specifi cally enrolling DHL/THL and DEL 

patients. Based on retrospective data, the current standard of care 

for newly diagnosed DHL/THL patients is DA-EPOCH-R. A mul-

ticenter study of 311 DHL/THL patients found that the 61 patients 

who received DA-EPOCH-R had better CR and partial response 

rates than those who received other regimens.[15] PFS was im-

proved in patients who received intensive regimens compared with 

R-CHOP, but outcomes remained poor, with median OS of 21.9 

months. A second retrospective study at MD Anderson included 

129 patients, the majority of whom had DHL/THL. Th ose treated 

with DA-EPOCH-R had a CR rate of 68% and a 67% 2-year event-

free survival (EFS) rate. Th e CR rate was signifi cantly higher than 

in patients who received R-CHOP (40%), and the 2-year EFS rate 

was higher than that of patients who received a Hyper-CVAD–based 

regimen (32%).[16] An investigator-initiated phase I trial of the regi-

KEY POINTS

 § Gene expression profi ling has identifi ed germinal center B-cell–

like (GCB) and activated B-cell–like (ABC) molecular subtypes 

of diffuse large B-cell lymphoma (DLBCL); patients with ABC 

DLBCLs have a less favorable prognosis.

 § Multiple clinical trials have assessed novel agents with immu-

nochemotherapy in GCB and ABC DLBCLs, but the standard 

of care for the majority of newly diagnosed patients remains 

R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine, 

and prednisone).

 § Recently, new genetic subclassifi cations of DLBCL have been 

described based on shared mutations; future research should 

focus on targeting abnormalities associated with each genetic 

subtype/cluster.

Table 1.  Randomized Clinical Trials Incorporating Targeted Treatments in Newly Diagnosed Diffuse 

Large B-Cell Lymphoma

Study COO Enrolled Treatment N Results

ECOG 1412 
(NCT01856192)

GCB and non-GCB R-CHOP vs
R-CHOP-lenalidomide

NA Pending

LYM2034[25] Non-GCB R-CHOP vs
R-CAP-bortezomib

164 CR rate: 66.2% vs 64.4%
2-yr PFS rate: 77.1% vs 76.2%

PHOENIX 
(NCT01855750)

Non-GCB R-CHOP vs
R-CHOP-ibrutinib

NA Pending

PYRAMID[24] Non-GCB R-CHOP vs
R-CHOP-bortezomib

206 CR rate: 49% vs 58%
2-yr PFS rate: 78% vs 82%

REMoDL-B[26] GCB and non-GCB R-CHOP vs 
R-CHOP-bortezomib

1,076 30-mo PFS rate: 70.1% vs 74.3%

ROBUST 
(NCT02285062)

ABC R-CHOP vs
R-CHOP-lenalidomide

NA Pending

ABC = activated B-cell–like; COO = cell of origin; CR = complete response; ECOG = Eastern Cooperative Oncology Group; GCB = germinal center B-cell–

like; NA = not available; PFS = progression-free survival; R-CAP = rituximab, cyclophosphamide, doxorubicin, and prednisone; R-CHOP = rituximab, cyclo-

phosphamide, doxorubicin, vincristine, and prednisone.
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men of DA-EPOCH-R plus the BCL2 inhibitor venetoclax (Clinical-

Trials.gov identifi er: NCT03036904) is currently enrolling patients 

with newly diagnosed DLBCL. A subsequent trial of chemotherapy 

plus venetoclax in DHL/THL and DEL is being planned through the 

Alliance for Clinical Trials in Oncology. 

A more comprehensive understanding of DLBCL molecular ab-

errations was revealed in two recently published studies (Table 2). 

One of these identifi ed four genetic subtypes of DLBCL.[29] Th e 

researchers investigated 574 DLBCL samples using exosome and 

transcriptome sequencing, deep amplicon resequencing, and DNA 

copy-number analysis. Of particular signifi cance is that they were 

able to better characterize the 20% of cases that were unclassifi ed 

(ie, neither GCB nor ABC) in their dataset. Little was previous-

ly known about this group of patients. Th e genetic subtypes were 

characterized by shared mutations and were termed MCD (MYD88 

L265P and CD79B mutations), BN2 (BCL6 fusions and NOTCH2 

mutations), N1 (NOTCH1 mutations), and EZB (EZH2 mutations 

and BCL2 translocations). MCD and N1 were primarily ABC DLB-

CLs; EZB comprised mostly GCB DLBCLs; and BN2 included ABC, 

GCB, and unclassifi ed cases. BN2 cases frequently had abnormali-

ties aff ecting the nuclear factor kappa B (NF-κB) pathway. A clinical 

assessment of 240 newly diagnosed DLBCL patients showed 5-year 

OS rates for the MCD, N1, BN2, and EZB subtypes of 26%, 36%, 

65%, and 68%, respectively. Interestingly, ABC patients in the BN2 

group had better PFS and OS than ABC patients in the MCD and 

N1 groups. Th e group with the worst outcomes, MCD, had a trend 

toward extranodal involvement and shared mutations with primary 

central nervous system lymphomas. 

Th e second study used consensus clustering of genetic alterations 

and defi ned fi ve subsets within 304 primary DLBCLs.[30] Cluster 

1 consisted primarily of ABC DLBCLs with BCL6 structural vari-

ants (SVs) and NOTCH2 signaling. Cluster 2 included both ABC 

and GCB DLBCLs with biallelic inactivation of TP53 and 17p loss. 

Cluster 3 included mainly GCB DLBCLs with BCL2 mutations posi-

tioned beside IgH enhancer and contained mutations in chromatin 

modifi ers KMT2D, CREBBP, and EZH2. Cluster 4 also consisted of 

GCB DLBCLs, but these cases had mutations involved in immune 

evasion, BCR/PI3K signaling, and the NF-κB and RAS/JAK/STAT 

pathways. Cluster 5 consisted primarily of ABC DLBCLs and in-

cluded cases demonstrating 18q gains and BCL2 and MALT1 expres-

sion. Cluster 0 included a small number of cases without a pattern 

of cohesive genetic alterations. An assessment of patient outcomes 

found that clusters 0, 1, and 4 had better outcomes than clusters 3 

and 5, while outcomes in cluster 2 were intermediate, with ongoing 

progression over time. Of interest is that mutations involving MYC, 

BCL2, and BCL6 were found in all clusters; therefore, DHL/THL ap-

pears to be much more complex than previously described. 

Th e heterogeneity of DLBCL has been a key limitation in the 

improvement of outcomes for this disease. We anticipate that a 

more thorough understanding of DLBCL molecular abnormalities 

will enable researchers to develop accurate targeting strategies. For 

example, MCD cases may be particularly targetable by Bruton ty-

rosine kinase inhibitors. Other shared mutations may help to elu-

cidate which agents are more likely to be eff ective in the diff erent 

genetic subtypes/clusters. Next-generation sequencing techniques 

may allow investigators to perform gene mutation testing along with 

testing for MYC, BCL2, and BCL6 status to assess these subtypes/

clusters at diagnosis. We envision a clinical trial structure that would 

fi rst determine a DLBCL patient’s genetic features and then ensure 

that the patient received an appropriate targeted therapy based on 

Table 2.  Characteristics of Newly Defi ned Diffuse Large B-Cell Lymphoma Groups Based on Shared 

Genetic Aberrancies

Genetic Subtype/Cluster Genetic Abnormalities Cell of Origin 5-yr Overall Survival 

MCD MYD88 L265P mutations
CD79B mutations

ABC 26%

BN2 BCL6 fusions 
NOTCH2 mutations

ABC, GCB, and 
unclassifi ed

36%

N1 NOTCH1 mutations ABC 65%

EZB EZH2 mutations 
BCL2 translocations

GCB 68%

Cluster 1 BCL6 structural variants 
NOTCH2 signaling

ABC 79%

Cluster 2 Biallelic inactivation of TP53, 17p 
loss

ABC and GCB 62%

Cluster 3 BCL2, KMT2D, CREBBP, EZH2 
mutations

GCB 57%

Cluster 4 BCR/PI3K signaling, NF-kB and 
RAS/JAK/STAT pathways

GCB 72%

Cluster 5 18q gain, BCL2 and MALT1 
expression

ABC 54%

Cluster 0 No cohesive alterations NA 100%

ABC = activated B-cell–like; BCR = B-cell receptor; GCB = germinal center B-cell–like; NA = not available; NF-kB = nuclear factor kappa B; PI3K = phospho-

inositide 3-kinase.
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the result. Th e identifi cation of novel genetic groups is an import-

ant breakthrough that expands our understanding of DLBCL be-

yond COO and may lead to therapies that are more eff ective than 

R-CHOP. m

Financial Disclosure: Dr. Rutherford has served as a consultant for 

Janssen Scientifi c Affairs. Dr. Leonard has served as a consultant for 

Celgene and Genentech/Roche.

REFERENCES

1. Alizadeh AA, Eisen MB, Davis RE, et al. Distinct types of diffuse large B-cell lymphoma 
identified by gene expression profiling. Nature. 2000;403:503-11.
2. Rosenwald A, Wright G, Chan WC, et al. The use of molecular profiling to predict 
survival after chemotherapy for diffuse large-B-cell lymphoma. N Engl J Med. 
2002;346:1937-47.
3. Lenz G, Wright G, Dave SS, et al. Stromal gene signatures in large-B-cell lymphomas. 
N Engl J Med. 2008;359:2313-23.
4. Hans CP, Weisenburger DD, Greiner TC, et al. Confirmation of the molecular classifi-
cation of diffuse large B-cell lymphoma by immunohistochemistry using a tissue microar-
ray. Blood. 2004;103:275-82.
5. Choi WW, Weisenburger DD, Greiner TC, et al. A new immunostain algorithm classifies 
diffuse large B-cell lymphoma into molecular subtypes with high accuracy. Clin Cancer Res. 
2009;15:5494-502.
6. Muris JJ, Meijer CJ, Vos W, et al. Immunohistochemical profiling based on Bcl-2, CD10 
and MUM1 expression improves risk stratification in patients with primary nodal diffuse 
large B cell lymphoma. J Pathol. 2006;208:714-23.
7. Nyman H, Jerkeman M, Karjalainen-Lindsberg ML, et al. Prognostic impact of activated 
B-cell focused classification in diffuse large B-cell lymphoma patients treated with R-CHOP. 
Mod Pathol. 2009;22:1094-101.
8. Natkunam Y, Farinha P, Hsi ED, et al. LMO2 protein expression predicts survival in patients 
with diffuse large B-cell lymphoma treated with anthracycline-based chemotherapy with 
and without rituximab. J Clin Oncol. 2008;26:447-54.
9. Meyer PN, Fu K, Greiner TC, et al. Immunohistochemical methods for predicting cell of 
origin and survival in patients with diffuse large B-cell lymphoma treated with rituximab. J 
Clin Oncol. 2011;29:200-7.
10. Gutierrez-Garcia G, Cardesa-Salzmann T, Climent F, et al. Gene-expression profiling and 
not immunophenotypic algorithms predicts prognosis in patients with diffuse large B-cell 
lymphoma treated with immunochemotherapy. Blood. 2011;117:4836-43.
11. Scott DW, Wright GW, Williams PM, et al. Determining cell-of-origin subtypes of diffuse 
large B-cell lymphoma using gene expression in formalin-fixed paraffin-embedded tissue. 
Blood. 2014;123:1214-7.
12. Yoon N, Ahn S, Yong Yoo H, et al. Cell-of-origin of diffuse large B-cell lymphomas 
determined by the Lymph2Cx assay: better prognostic indicator than Hans algorithm. 
Oncotarget. 2017;8:22014-22.
13. Nowakowski GS, Chiappella A, Witzig TE, et al. Results of real-time cell-of-origin sub-
type identification by gene expression profiling in patients with ABC-type diffuse large 

B-cell lymphoma in the phase III trial of lenalidomide plus R-CHOP vs placebo plus R-CHOP 
(ROBUST). J Clin Oncol. 2018;36(suppl):abstr 7548.
14. Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the World Health 
Organization classification of lymphoid neoplasms. 2016;127:2375-90.
15. Petrich AM, Gandhi M, Jovanovic B, et al. Impact of induction regimen and stem cell 
transplantation on outcomes in double-hit lymphoma: a multicenter retrospective analysis. 
Blood. 2014;124:2354-61.
16. Oki Y, Noorani M, Lin P, et al. Double hit lymphoma: the MD Anderson Cancer Center 
clinical experience. Br J Haematol. 2014;166:891-901.
17. Aukema SM, Siebert R, Schuuring E, et al. Double-hit B-cell lymphomas. Blood. 
2011;117:2319-31.
18. Scott DW, King RL, Staiger AM, et al. High-grade B-cell lymphoma with MYC and BCL2 
and/or BCL6 rearrangements with diffuse large B-cell lymphoma morphology. Blood. 
2018;131:2060-4.
19. Hernandez-Ilizaliturri FJ, Deeb G, Zinzani PL, et al. Higher response to lenalidomide in 
relapsed/refractory diffuse large B-cell lymphoma in nongerminal center B-cell-like than in 
germinal center B-cell-like phenotype. Cancer. 2011;117:5058-66.
20. Vitolo U, Chiappella A, Franceschetti S, et al. Lenalidomide plus R-CHOP21 in elderly 
patients with untreated diffuse large B-cell lymphoma: results of the REAL07 open-label, 
multicentre, phase 2 trial. Lancet Oncol. 2014;15:730-7.
21. Thieblemont C, Tilly H, Gomes da Silva M, et al. Lenalidomide maintenance compared 
with placebo in responding elderly patients with diffuse large B-cell lymphoma treated with 
first-line rituximab plus cyclophosphamide, doxorubicin, vincristine, and prednisone. J Clin 
Oncol. 2017;35:2473-81.
22. Dunleavy K, Pittaluga S, Czuczman MS, et al. Differential efficacy of bortezomib plus 
chemotherapy within molecular subtypes of diffuse large B-cell lymphoma. Blood. 
2009;113:6069-76.
23. Ruan J, Martin P, Furman RR, et al. Bortezomib plus CHOP-rituximab for previously 
untreated diffuse large B-cell lymphoma and mantle cell lymphoma. J Clin Oncol. 
2011;29:690-7.
24. Leonard JP, Kolibaba KS, Reeves JA, et al. Randomized phase II study of R-CHOP with 
or without bortezomib in previously untreated patients with non-germinal center B-cell-like 
diffuse large B-cell lymphoma. J Clin Oncol. 2017;35:3538-46.
25. Offner F, Samoilova O, Osmanov E, et al. Frontline rituximab, cyclophosphamide, doxo-
rubicin, and prednisone with bortezomib (VR-CAP) or vincristine (R-CHOP) for non-GCB 
DLBCL. Blood. 2015;126:1893-901.
26. Davies AJ, Caddy J, Maishman T, et al. A prospective randomised trial of targeted 
therapy for diffuse large B-cell lymphoma (DLBCL) based upon real-time gene expression 
profiling: the Remodl-B study of the UK NCRI and SAKK lymphoma groups 
(ISRCTN51837425). Blood. 2015;126:abstr 812.
27. Wilson WH, Young RM, Schmitz R, et al. Targeting B cell receptor signaling with ibruti-
nib in diffuse large B cell lymphoma. Nat Med. 2015;21:922-6.
28. Younes A, Thieblemont C, Morschhauser F, et al. Combination of ibrutinib with ritux-
imab, cyclophosphamide, doxorubicin, vincristine, and prednisone (R-CHOP) for treat-
ment-naive patients with CD20-positive B-cell non-Hodgkin lymphoma: a non-randomised, 
phase 1b study. Lancet Oncol. 2014;15:1019-26.
29. Schmitz R, Wright GW, Huang DW, et al. Genetics and pathogenesis of diffuse large 
B-cell lymphoma. N Engl J Med. 2018;378:1396-407.
30. Chapuy B, Stewart C, Dunford AJ, et al. Molecular subtypes of diffuse large B cell 
lymphoma are associated with distinct pathogenic mechanisms and outcomes. Nat Med. 
2018;24:679-90.



From the publishers of

HEMATOLOGY

All new expanded coverage of hematologic malignancies is 
available now for the hematology and oncology professional.

• Expanded conference coverage
• Deeper coverage of key topics

• More up to date news
• 

WWW.CANCERNETWORK.COM/CN/HEMONC

nncies iss
eessionnaal.

wws

MOONC



SEPTEMBER 2018 TheOncologyJournal.com | ONCOLOGY   455

POINT/COUNTERPOINT

No—The Literature Does 

Not Support Routine Use 

of Radiation Therapy 

Despite therapy advances, patients with stage III en-

dometrial carcinoma are at high risk for both distant 

and local recurrences.[1] Multiagent chemotherapy 

has been shown to improve progression-free surviv-

al (PFS) and overall survival (OS) in some trials.[1] 

Careful reading of the literature supports the use of 

adjuvant radiation therapy as well.

High Local Failure Rates With Adjuvant 
Chemotherapy Alone
Retrospective and prospective reports have shown 

signifi cant rates of pelvic failure without radiation 

therapy. Faught et al conducted a review of patients 

with microscopic stage IIIC endometrioid carci-

nomas treated with 9 cycles of cyclophosphamide, 

doxorubicin, and cisplatin.[2] In the 25% of patients 

who developed recurrences, 80% were limited to 

the pelvis. Th e University of Chicago reported on a 

series of endometrial carcinoma patients, of which 

84% were stage III/IV and 49% were stage III.[3] All 

were treated with 4 to 6 cycles of combination che-

motherapy. Approximately 67% of these patients de-

veloped recurrences. Th e pelvic recurrence rate was 

47%, and this rate was 51% for lymph node–positive 

patients. Th e Gynecologic Oncology Group (GOG) 

122 trial was a prospective study of stage III/IVA en-

dometrial carcinoma patients who were randomized 

to either whole-abdominal radiation therapy or che-

motherapy. Although doxorubicin/platinum che-
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Endometrial cancer is the most common gynecolog-

ic malignancy. It was estimated that over 61,000 new 

cases and nearly 11,000 deaths from endometrial can-

cer occurred in the United States in 2017.[1] Nearly 

70% of women diagnosed with endometrial cancer 

will present with stage I disease limited to the uterus, 

with a 5-year survival rate of 90%.[2] Approximate-

ly 13% of women will be diagnosed with stage III/IV 

disease, with 5-year survival rates of 60% and 30%, re-

spectively.[3] Pelvic radiation therapy has traditional-

ly been utilized in these cases to improve local control.

[4] Previously, endometrial cancer was considered to 

be a chemoresistant disease; however, it is now known 

that numerous chemotherapeutic agents, including 

doxorubicin, carboplatin, and paclitaxel, are active in 

endometrial cancer.[5] Th e optimal management of 

patients with advanced endometrial cancer has yet to 

be defi ned, particularly in stage III patients. Th e pri-

mary goal of adjuvant therapy should be to improve 

patient survival, yet to date, no overall survival (OS) 

advantage has been associated with the use of radia-

tion therapy in endometrial cancer. Th e question re-

mains—should adjuvant pelvic radiation therapy be 

routinely utilized in stage III endometrial cancer? 

Th e Gynecologic Oncology Group (GOG) 122 

trial was a randomized controlled trial that com-

pared whole-abdominal radiotherapy vs doxorubi-

cin/cisplatin chemotherapy in patients with stage III/

IV endometrial cancer. Th is trial demonstrated im-

proved progression-free survival and OS for patients 
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motherapy was associated with higher PFS and OS 

rates, this arm also had higher rates of initial pelvic 

failure (18% vs 13%).[4] 

Low Local Failure Rates With Adjuvant 
Radiation Therapy 
Th e Radiation Th erapy Oncology Group (RTOG) 

9708 trial was a phase II trial showing the feasibility 

of adjuvant concurrent chemoradiation followed by 

4 cycles of doxorubicin/platinum chemotherapy for 

high-risk (stage IB grade 2 or 3, stage II, and stage III) 

endometrial carcinoma patients.[5] Stage III patients 

comprised 61% of the cohort. Pelvic and regional re-

currence rates were both 2%, and the distant recur-

rence rate was 19%. Another trial, GOG 184, prospec-

tively compared 6 cycles of doxorubicin/platinum 

chemotherapy with or without paclitaxel in patients 

with surgical stage III/IV endometrial cancer. Both 

arms received volume-directed radiation therapy. Ap-

proximately 88% of patients in each arm had stage III 

disease, yet only 10% had local recurrences.[6] Table 1 

summarizes the diff erent local recurrence rates across 

trials that either did or did not include adjuvant radi-

ation therapy. 

NRG/GOG 258: The Benefit of 
Radiation Therapy Prospectively 
Confirmed
NRG/GOG 258 randomized patients with surgi-

cal stage III/IV endometrioid cancer and any stage 

clear cell and serous carcinoma patients to adjuvant 

chemotherapy with or without concurrent chemora-

diation.[7] Th e chemotherapy-alone arm received 6 

cycles of carboplatin and paclitaxel. Th e experimental 

arm received volume-directed radiation therapy with 

cisplatin, followed by 4 cycles of carboplatin and pa-

clitaxel. Th e primary endpoint was recurrence-free 

survival (RFS), and the secondary endpoint was OS.

Approximately 96% of patients in each arm were 

stage III, with the majority having endometrioid 

histology. At 47 months’ median follow-up, the con-

current chemoradiation arm had a reduction in com-

bined pelvic and para-aortic (10% vs 21%) and vagi-

nal (3% vs 7%) recurrences, but an increase in distant 

recurrence (28% vs 21%). However, the experimental 

arm did not show an increase in RFS; the OS data 

need time to mature.

Incorporating NRG/GOG 258 Results 
Into Practice
Interim results of NRG/GOG 258 confi rmed the local 

control benefi t of radiation therapy, but created addi-

tional questions as to how we should clinically incor-

porate radiation therapy into management, especially 

given the concern for distant recurrences.

Stage III endometrial carcinoma patients are at a 

signifi cant risk for both distant and local recurrences. 

Th e distant fi rst recurrence rates for the chemothera-

py-alone arms in GOG 122, GOG 184, and the Italian 

Maggi study were 32%, 30%, and 21%, respectively.

[4,6,8] The appropriate implementation of adjuvant 

radiation therapy is associated with fewer local recur-

rences, which can improve the distant recurrence rates. 

Th eoretically, local recurrence can act as a seed to dis-

tant sites of failure, as seen in cervical cancer,[9] pro-

viding an additional rationale to optimize local control.

hPoint. BERNARD & RANDALL CONTINUED FROM PAGE 455

Table 1.  Differences in Local Recurrence Rates in Both Prospective and 

Retrospective Trialsª

Study Stage Local Recurrence 

Without Radiation

Local Recurrence 

With Radiation

Faught et al[2] IIIC 20%

University of Chicago[3] I–IV
(84% III/IV)

47%–51%

GOG 122[4] III–IV 18%

RTOG 9708[5] IB–III 2% pelvic
2% regional

GOG 184[6] III–IV 10%

NRG/GOG 258[7] III–IV 21% (nodal) 
7% (vaginal)

10% (nodal) 
3% (vaginal)

ªAll patients received chemotherapy.

GOG = Gynecologic Oncology Group; RTOG = Radiation Therapy Oncology Group.
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Individualized risk factor assessment may help 

direct adjuvant therapy. NRG/GOG 258 had a het-

erogeneous group of stage III carcinoma patients. 

Approximately 20% were stage IIIA, 5% were stage 

IIIB, and 70% to 75% were stage IIIC. Th ere were also 

variations in histologies and grades. Using risk factors 

that predict for the pattern of recurrence may assist 

in personalizing adjuvant treatment. Factors such as 

lymphovascular space invasion, low/moderate grade, 

and serosal or cervical involvement may predict for a 

higher risk of local recurrence compared with distant 

recurrence, and patients with these risk factors may 

be better served with early radiation in the adjuvant 

course. Factors predicting for distant recurrence, such 

as nodal positivity or high grade, could argue for the 

use of chemotherapy fi rst, with radiation therapy oc-

curring later in adjuvant treatment.

“Sandwich therapy” (a limited number of chemo-

therapy cycles given fi rst, typically 3 cycles, followed 

by radiation therapy, and then further cycles of che-

motherapy, as tolerated, up to ~6–8 cycles) may be the 

most appropriate technique to address the competing 

recurrence risks. Early integration of multiagent che-

motherapy can mitigate distant metastasis risk, and 

incorporation of local radiation within a reasonable 

time frame will decrease the risk of local recurrence. 

Duke University and the University of North Car-

olina retrospectively reviewed 356 patients with surgi-

cal stage III/IV endometrial cancer who received vari-

ous adjuvant treatments—either chemotherapy alone, 

radiation alone, or both.[10] Approximately 66% of 

the patients were stage III. Th e chemotherapy used 

consisted mainly of platinum-based triplet regimens. 

Th e study showed that combined therapy was associ-

ated with better survival than either modality alone. 

When analyzing the sequence of multimodality ther-

apy, sandwich therapy was associated with the highest 

PFS and OS rates. A similar multi-institutional retro-

spective study—of 109 patients treated with diff erent 

sequences of chemotherapy and radiation—was re-

ported in 2009.[11] Sandwich therapy was associated 

with an increase in PFS and OS when compared with 

chemotherapy followed by radiation or vice versa. Ta-

ble 2 provides a visual summary of these two trials.

Acute toxicity was similar in the two arms of 

NRG/GOG 258, demonstrating that the addition of 

radiation should not impact treatment-related mor-

bidity, although the data need to mature before the 

quality-of-life endpoints can be reported.

Interestingly, PORTEC-3 was a phase III trial that 

randomized surgically staged high-risk endometri-

al carcinoma patients (endometrioid type, stage I, 

grade 3, with deep myometrial invasion and/or lym-

phovascular space invasion; stage II/III; or stage I–III 

clear cell) to adjuvant radiation alone or adjuvant 

concurrent chemoradiation, followed by 4 cycles of 

doxorubicin/platinum chemotherapy.[12] Overall, 

the addition of radiation to chemotherapy did not 

improve OS or failure-free survival (FFS). However, 

subset analysis did show that combined treatment in 

stage III disease had a trend of an OS benefi t and a 

signifi cant FFS benefi t when compared with adjuvant 

radiation alone. 

Conclusion 
Adjuvant radiation therapy provides a local control 

benefi t in stage III endometrial carcinoma patients, 

as strongly suggested in retrospective and prospective 

series. Th e utilization of radiation therapy should be 

individualized based on surgico-pathologic features. 

Optimal sequencing of adjuvant therapy may also 

maximize the benefi t of radiation therapy to appro-

Table 2.  Retrospective Reports Showing Differences in PFS and OS, Based 

on Adjuvant Chemoradiotherapy Sequence for Surgical Stage III/IV 

Endometrial Carcinomas

Study Treatment 3-yr PFS 3-yr OS

Duke/UNC[10] Chemo à RT à chemo 69% 91%

Chemo à RT 47%–51%

RT à chemo 18%

Multi-institutional[11] Chemo à RT à chemo 69% 88%

Chemo à RT 52% 57%

RT à chemo 47% 54%

OS = overall survival; PFS = progression-free survival; RT = radiation therapy; UNC = University of North Carolina.
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priately address the high risk of both local and distant 

recurrences. m
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treated with chemotherapy.[6] A parallel multicenter 

randomized controlled trial was performed in Italy, 

evaluating pelvic radiation therapy vs chemotherapy 

for high-risk (stages IC to III) endometrial cancer pa-

tients. Th is trial included a signifi cant number (64%) 

of stage III patients.[7] 

Th e Cochrane Collaboration performed a sep-

arate analysis combining these two trials, but only 

included the stage III endometrial cancer patients 

(620 patients). Th eir analysis revealed statistically 

signifi cant improvement in OS for women with stage 

III/IV endometrial cancer who received adjuvant 

chemotherapy compared with adjuvant radiothera-

py (hazard ratio [HR], 0.75; 95% CI, 0.57–0.99, I2 = 

22%). Th is survival benefi t was evident in a subgroup 

analysis (514 patients), in which only stage III data 

were pooled (HR, 0.76; 95% CI, 0.57–1.02; I2 = 9%).

[8] Th e authors concluded that women who received 

chemotherapy aft er surgery had approximately a 25% 

increase in survival time compared with those receiv-

ing radiotherapy aft er surgery. 

Despite the OS advantage from chemotherapy 

alone compared with radiation therapy alone in stage 

III endometrial cancer, many continue to incorporate 

radiation therapy in the management of these wom-

en due to the increased incidence of pelvic relapse in 

those patients treated with chemotherapy alone.[6,9] 

Th e NRG/GOG 258 trial was a randomized controlled 

trial evaluating combination chemoradiotherapy vs 

chemotherapy alone in advanced endometrial cancer. 

Final results are pending, but the presented abstract 

demonstrates that, although combined chemoradio-

therapy reduced the rate of local recurrence compared 

with chemotherapy alone, it did not increase recur-

rence-free survival or OS in optimally debulked stage 

III/IVA patients.[9] Th e addition of radiation therapy 

did not improve survival, and the combined-modality 

group had a signifi cantly higher rate of distant metas-

tasis compared with the chemotherapy-alone group 

(28% vs 21%; HR, 1.36; 95% CI, 1.00–1.86).[9] 

Th e randomized controlled PORTEC-3 trial com-

pared adjuvant chemoradiotherapy vs radiotherapy 

alone in women with high-risk endometrial cancer. 

Adjuvant chemotherapy given during and aft er radio-

therapy did not improve 5-year OS, although it did 

increase failure-free survival.[10] Interestingly, the 

radiotherapy-alone group had a signifi cantly higher 

pelvic recurrence rate. Th e 5-year estimate of pel-

vic recurrence was 4.9% for the chemoradiotherapy 

group vs 9.2% for the radiotherapy-alone group (P = 

.026). Both NRG/GOG 258 and PORTEC-3 failed to 

demonstrate an OS advantage with the combination 

of radiation therapy and chemotherapy compared 

hCounterpoint. DIAZ CONTINUED FROM PAGE 455
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with single-modality treatment. 

Stage III endometrial cancer patients represent a 

heterogeneous group with a high risk of disease re-

currence. Randomized controlled trials have demon-

strated that adjuvant chemotherapy provides an OS 

advantage compared with radiation therapy. Despite 

this survival advantage, women who receive adjuvant 

chemotherapy are at increased risk for local recur-

rence.[10] As noted, in randomized controlled trials, 

the combination of radiotherapy and chemotherapy 

has not translated into a survival advantage compared 

with single-modality treatment. However, these wom-

en can undergo successful salvage therapy if they de-

velop a pelvic recurrence. Creutzberg et al performed 

an analysis of the PORTEC trial to determine the rates 

of local control and survival aft er relapse. Th e 8-year 

actuarial locoregional recurrence rates were 4% in the 

radiotherapy group and 15% in the control group (P 

< .0001).[11] Survival aft er relapse was signifi cantly 

better in the patient group without previous radio-

therapy. Treatment for vaginal relapse was eff ective, 

with an 89% complete response rate and a 65% 5-year 

survival rate in the control group. While endometrial 

cancer patients treated with chemotherapy alone in 

the adjuvant setting remain at risk for pelvic relapse, if 

these relapses occur, they can be salvaged at the time 

of recurrence, with excellent results. 

When counseling patients on the potential ben-

efi ts of adjuvant therapy, we must also balance these 

benefi ts with their known associated toxicities. Mul-

timodality therapy inherently has increased toxicities 

compared with single-modality therapy. PORTEC-3 

revealed that grade 3 or worse adverse events were 

reported in 70% of the patients in the chemoradio-

therapy group compared with 34% in the radiother-

apy-alone group.[12] NRG/GOG 258 demonstrated 

that the combined-therapy group experienced over-

all worse quality of life and gastrointestinal toxicity 

compared with the chemotherapy-alone group.[13] 

In this trial, 75% of patients in the combined-ther-

apy arm completed the study therapy vs 85% in the 

chemotherapy-alone arm.[9] Th ese data demonstrate 

the increased toxicity from multimodality therapy in 

a setting in which there is no OS benefi t. Th e addi-

tion of radiotherapy to chemotherapy also limited the 

ability of patients to complete the prescribed regimen, 

possibly due to radiation treatment side eff ects. 

Stage III endometrial cancer presents a treatment 

dilemma in which the optimal adjuvant therapy has 

yet to be defi ned. It is clear that one size does not fi t 

all. Th ese patients are at increased risk for recurrence, 

particularly distant metastasis. Chemotherapy is the 

only adjuvant therapy that has proven to have a statis-

tically signifi cant impact on overall survival. Th e ad-

dition of radiotherapy decreases pelvic recurrence—

but at the price of increased toxicity and with no OS 

benefi t. If and when these patients experience a local 

recurrence, salvage therapy has proven to be eff ective 

in obtaining a complete response. We must look be-

yond stage when choosing adjuvant therapy and focus 

on individual patient risk factors. Peritoneal cytology, 

although no longer part of the staging process, still 

provides valuable insight into those patients at in-

creased risk for distant metastasis and those patients 

who may be best treated with chemotherapy alone.

[14] We need to move beyond traditional morpholog-

ic risk factors and begin to utilize molecular markers 

such as POLE mutations, microsatellite instability 

hypermutations, and other genetic mutations to help 

identify those patients who would truly benefi t from 

adjuvant therapy, and tailor these therapies to the in-

dividual patient. Th e routine use of adjuvant radiation 

therapy in stage III endometrial cancer patients is not 

supported by the current literature and should not be 

employed universally in this group of patients. m
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Eric Ko on combining radiation 
therapy with immunotherapy to 
treat non–small-cell lung cancer

ONCOLOGY spoke with Eric Ko, MD, PhD, a radiation oncologist at New York–Presbyterian 

Weill Cornell Medical Center in New York City, who recently published a review article[1] 

with his colleagues on strategies for combining radiation therapy with immunotherapy for 

the treatment of non–small-cell lung cancer (NSCLC).

1Could you give us an overview of how 

radiotherapy is generally used in treat-

ing NSCLC? Is radiotherapy used more 

predominantly in earlier-stage disease?

DR. KO: Based on current practice guidelines, ra-

diotherapy may be utilized across all stages of NS-

CLC, with diff erent treatment intents. In early-stage 

disease, stereotactic body radiation therapy (SBRT) 

or stereotactic ablative radiation therapy allows the 

delivery of short-course, high-dose-per-fraction 

radiation treatments to lung cancer with curative 

intent. Th is is a very eff ective local treatment, of-

ten used for patients who are considered medically 

inoperable. It may also be used in patients who are 

surgical candidates. 

In more advanced cases, such as large or central 

lesions not amenable to SBRT or any node-positive 

disease, conventionally fractionated radiation ther-

apy is typically used, oft en with concurrent chemo, 

given the level 1 evidence to support this approach. 

Patients with resectable, locally advanced dis-

ease may potentially receive radiation therapy 

along with chemotherapy in neoadjuvant or adju-

vant settings. 

Lastly, for metastatic disease, radiotherapy has 

traditionally been used in the palliative and some-

times consolidative settings, with the primary 

goals of addressing symptoms and stabilizing ra-

diographically evident disease.

2What is the accumulating preclinical 

evidence that there might be a syn-

ergistic systemic effect when local radio-

therapy is combined with systemic im-

munotherapy?

DR. KO: Th ere is convincing preclinical evidence 

that combining local radiotherapy with systemic 

immunotherapy, such as immune checkpoint in-

hibitors, can result in signifi cant tumor regression 

at sites not targeted with radiation. Th is eff ect has 

been shown to mostly depend on the generation of 

tumor-specifi c immune responses. 

What’s important in many of these experiments 

is that you lose the ability to control tumor growth 

at distant nonirradiated sites if you test the same 

strategy in an immunodefi cient mouse, or selec-

tively deplete eff ector cells such as CD8+ T cells, or 

if you use a diff erent tumor type, presumably one 

without signifi cant shared antigens. 

In addition, this eff ect is rarely observed in 

the absence of immune checkpoint inhibitors. It 

should be noted that this so-called abscopal eff ect 

is not a phenomenon that is necessarily restricted 

to NSCLC, but may be observed across other tu-

mor types as well.

3 Is there clinical evidence accumulat-

ing for this combination approach in 

lung cancer?

DR. KO: Th e strategy of combining SBRT or SBRT-

like approaches with immunotherapy is still fairly 

new and has not made its way to broad clinical use 

yet. However, multiple early-phase trials have estab-

lished a good safety record for this strategy, as well as 

displaying some promising signals in tumor control. 



SEPTEMBER 2018 TheOncologyJournal.com | ONCOLOGY   461

One good example is the PEMBRO-RT tri-

al, which was presented at the ASCO [American 

Society of Clinical Oncology] Annual Meeting in 

June.[2] In this study, investigators from the Neth-

erlands Cancer Institute showed that for meta-

static NSCLC patients who have progressed past 

fi rst-line therapy, a strategy that adds SBRT to one 

metastatic site, to a systemic regimen of the anti–

programmed death 1 (anti–PD-1) antibody pem-

brolizumab, was eff ective in doubling the overall 

response rate—to greater than 40%. It should be 

noted that some of the observed diff erences could 

be due to diff erences in tumor programmed death 

ligand 1 (PD-L1) expression between groups. Re-

gardless, these are exciting new data that will lead 

the way to additional strategies combining SBRT 

and immunotherapy. 

We should also note the remarkably positive 

results of the PACIFIC trial in patients with unre-

sectable stage III NSCLC,[3] in which there was 

a signifi cant benefi t in progression-free survival 

(PFS) when the anti–PD-L1 antibody durvalumab 

was given to patients who did not progress aft er 

defi nitive chemoradiation. However, this is utiliz-

ing conventionally fractionated radiation and also 

includes chemotherapy, so it is diffi  cult to attribute 

the benefi cial eff ects specifi cally to the combina-

tion of radiation with immunotherapy. 

In addition, there was a recent post-hoc anal-

ysis of KEYNOTE-001[4] showing that patients 

who received radiation prior to pembrolizumab 

had increased PFS and overall survival. Although 

it is diffi  cult to attribute the diff erences in survival 

outcomes specifi cally to the eff ects of radiation in 

this setting, these fi ndings do provide supporting 

evidence for a benefi cial eff ect in combining radio-

therapy with immune checkpoint inhibitors.

4 So you are saying that patients are 

not yet being treated with this com-

bination outside of a clinical trial? 

DR. KO: Th ere are some uses of radiotherapy-im-

munotherapy combinations in standard practice as 

well as in clinical trials. However, the majority of 

the patients being treated with the combination are 

being treated in the setting of a clinical trial. 

Based on the PACIFIC trial discussed earlier, 

patients are now able to receive durvalumab aft er 

chemoradiation for unresectable stage III NSCLC.

In the metastatic setting, patients are frequently 

receiving immunotherapy and occasionally radio-

therapy as well. However, when both are used, it 

is typically the case that treatment decisions are 

based on clinical indications for each modality 

rather than an attempt to optimize the immuno-

logic response. Most, if not all, of the other radi-

ation and immunotherapy combinations are still 

being given in the setting of ongoing clinical trials, 

which we summarized in the table in our recent 

Clinical Cancer Research paper.[1]

5 Of those trials, are there ongoing ones 

that you could highlight that combine 

radiation and chemotherapy? 

DR. KO: Th ere are many interesting ongoing tri-

als, the vast majority of which are still early-phase. 

Along the lines of SBRT or SBRT-like combinatori-

al approaches, there is still a lack of consensus with-

in the fi eld as to the optimal dose-fractionation 

schedule to use when combining with immune 

checkpoint inhibitors. 
Other questions include: Who are the ide-

al patients for this strategy? Should we focus on 
early-stage disease, locally advanced but nonmet-
astatic disease, or metastatic disease? Now that im-
mune checkpoint inhibitors have made their way 
to mainstream clinical use and are indicated for a 
signifi cant number of metastatic NSCLC patients 
in the fi rst-line setting, does this present more of 
an opportunity to off er targeted radiation in at least 
some of these patients? 

A large proportion of the ongoing trials are 

looking into SBRT and immune checkpoint inhib-

itors in the metastatic NSCLC population. Th is is 

the basis of one of our institutional trials, which 

combines radiation to a metastatic lesion with dual 

immune checkpoint blockade utilizing ipilimumab 

and nivolumab. 

Th ere is also increased interest in combining 

SBRT and immune checkpoint inhibitors for ear-

ly-stage NSCLC, in some cases even in those pa-

tients deemed to be surgically resectable. Neoadju-

vant radiation and immunotherapy trials, such as 

PembroX at the University of California, San Fran-

cisco, and our institutional trial of neoadjuvant 

durvalumab and SBRT, have the distinct advantage 

of allowing pathologic tissue assessment to follow, 

which will provide correlative data to help us better 
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understand the underlying immunologic mecha-

nisms. Th ese trial endpoints are very important, as 

they will provide a rational basis for the design of 

future clinical trials. m
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Introduction
Despite the advent of modern imaging, and the as-

sociated increase in incidental diagnoses, retroper-

itoneal soft -tissue sarcoma (RPS) remains a rare 

malignancy, occurring in 0.5 to 1.0 per 100,000 pop-

ulation.[1] Th e rarity of these tumors and the com-

plexity of their treatment require multidisciplinary 

management in specialized centers to improve onco-

logic and clinical outcomes.[2] Moreover, sarcomas 

in the retroperitoneum have a worse prognosis than 

sarcomas in the extremities.[3] Surgery remains the 

only curative treatment for RPS. Unlike extremity 

sarcomas, however, RPS can expand massively in the 

confi nes of the retroperitoneum prior to detection 

and diagnosis, making these resections challenging.

Diagnosis and Staging 
Oft en, RPS manifests with vague, indolent symptoms 

that present a diagnostic challenge or is discovered 

incidentally on imaging. Adequate, detailed imag-

ing of the retroperitoneum with good visualization 

of the tumor and its relationship with adjacent or-

gans and their potential involvement is critical. Con-

trast-enhanced CT of the abdomen and pelvis is of-

ten suffi  cient for the diagnosis of RPS. Th is imaging 

modality also provides a good indication of the na-

ture of the tumor and is ideal for biopsy planning.[4] 

A CT scan of the chest is then suffi  cient to complete 

staging in most cases. Magnetic resonance imaging 

can be used in patients with allergies to intravenous 

contrast as well as in cases in which an assessment of 

spinal/vertebral foramina, nerves, and/or posterior 

muscles involvement is necessary.

RPS comprises a multitude of histopathologic 

subtypes that are diffi  cult to distinguish based on 

imaging alone.[5] Th e Trans-Atlantic RPS Working 

Group (TARPSWG), a transatlantic collaboration 

of multiple specialized sarcoma centers, stress in 

their consensus guidelines the importance of tissue 

diagnosis prior to initiating treatment.[6] Although 

it was previously believed that biopsy of RPS could 

lead to inadvertent tumor tract seeding, a multi-in-

stitutional pooled analysis of four specialized centers 

demonstrated that the incidence of tumor tract seed-

ing is negligible.[7-9] Image-guided, percutaneous 

core needle biopsy should be preferentially attempt-

ed in the most aggressive-looking portion of the RPS 

by a large core needle (14 or 16 gauge) with a coaxial 

technique and multiple cores obtained to maximize 

the quantity and quality of tissue examined. Th e 

biopsy should be performed via a posterior/lateral 

approach and never by a transperitoneal approach. 

Similarly, laparotomy or laparoscopic open biopsies 

should be avoided. 

Of note, if at open or laparoscopic exploration 

for suspected adnexal mass, no abnormalities of the 

uterus, fallopian tubes, or ovaries are found but a 

retroperitoneal mass is detected, it is recommended 
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that nothing further be done and that a coaxial core 

needle biopsy be performed aft er proper imaging. It 

is important to realize that there can be more than 

70 histologic subtypes of RPS and that, along with 

grade, they have prognostic signifi cance and guide 

treatment planning, including the extent of surgical 

resection.[10-12] A multi-institutional nomogram 

externally validated on multiple series has been con-

structed.[10,11] It is available on a free smartphone 

app (www.sarculator.com).

Surgery
Th e most critical component of the treatment of RPS re-

mains the surgical excision, and the best chance for cure 

is at the time of primary surgery. Surgery should achieve 

a macroscopically complete excision of the tumor (R0 

or R1), minimizing marginality, ideally through an en-

bloc resection of all potentially involved structures as 

determined by careful preoperative imaging in combi-

nation with intraoperative fi ndings.[6,13,14] However, 

despite ongoing eff orts, no convincing method has been 

Figure 1. The Six Surgical Stages in the Resection of a Retroperitoneal Liposarcoma.

Exploration and retraction of right (A1)/left (A2) retroperitoneal liposarcoma; division of transverse colon, 

and assessment of duodenum/head of pancreas (B1) or body/tail of pancreas and spleen (B2); Kocher 

maneuver (C1) or transection of body of pancreas (C2); dissection of inferior vena cava (D1) or aorta (D2); 

psoas resection (E1) and peritonectomy (E2); and removal of specimen (F1 and F2).

A1 A2 B1 B2

C2C1 D1 D2

E1 E2 F1 F2
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found to assess the quality of surgical margins, given the 

location and the size of these tumors and the lack of a 

standard protocol to process the specimen. An extended 

surgical approach leads to lower local recurrence rates 

than simple excisions, precisely because it reduces mar-

ginality/positive margins.[15,16]

Operative planning also includes the functional 

assessment of critical organs—eg, the function of each 

kidney. Contraindications to primary resection are 

believed to be bilateral renal involvement; encasement 

of the superior mesenteric artery, celiac axis, and por-

ta hepatis; and spinal cord involvement.[13,17] 

When planning for surgery, it is paramount to take 

into consideration the histology of the RPS as well as 

its predicted behavior pattern, as these diff er widely. In-

deed, the largest transatlantic multi-institutional series 

identifi ed histologic subtype as a predictor of patterns 

of local and distant recurrence.[18] Moreover, analy-

sis of a large, single-institution database demonstrated 

that histologic subtype is the strongest predictor of dis-

ease-specifi c death and aff ects both local and distant re-

currence.[12] Of greater interest, the patterns of contig-

uous organ involvement are also heavily dependent on 

histologic subtype.[19] A recently published single-in-

stitution analysis of 302 patients reported that evidence 

of histopathologic organ involvement is a signifi cant 

predictor of overall survival.[20] 

In light of these data, clinicians should decide the 

extent of surgical resection in a multidisciplinary set-

ting at a specialized center aft er review of imaging and 

pathology, given that the pattern of growth and prog-

nostic risks vary broadly among the diff erent histologic 

subtypes.[14,21,22] For example, liposarcoma is the 

histologic subtype with the highest recurrence rate. 

In addition, it is the one with the least clear separation 

from normal retroperitoneal fat, given that the well-dif-

ferentiated component of liposarcoma is virtually un-

distinguishable from normal fat. As a consequence, 

the extent of surgery should be aimed at removing all 

ipsilateral retroperitoneal fat en bloc with the mass at 

the price of sacrifi cing at least the ipsilateral kidney and 

colon and part of or the entire psoas muscle.

A staged approach can be followed in virtually all 

cases (Figure 1). Th e stages include: 

A. Generous laparotomy, exploration, and retraction. 

B. Division of the gastrocolic ligament, division of 

the transverse colon (plus distal ileum if on the right 

side), and assessment of the duodenum/head of the 

pancreas if on the right side, or body/tail of the pan-

creas and spleen if on the left  side. 

C. Liberation of duodenum/head of the pancreas if 

on the right side or body/tail of the pancreas and 

spleen and duodenojejunal junction if on the left  

side (when possible) and partial duodenal resection 

Figure 2. Leiomyosarcoma and Solitary Fibrous Tumor.

(A) Leiomyosarcoma of inferior vena cava, displacing lower pole of right kidney and right ureter, 

resected en bloc with involved segment of inferior vena cava, right colon, and portion of psoas 

muscle, while preserving right kidney and ureter. (B) Solitary fi brous tumor of right retroperitone-

um, displacing right kidney and colon, resected en bloc with right colon and fascia of psoas muscle 

while preserving right kidney. 

A B
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or pancreaticoduodenectomy (< 5% of right-sid-

ed retroperitoneal sarcomas) if on the right side or 

distal pancreatectomy and splenectomy if on the left  

(40%–50% of left -sided retroperitoneal sarcomas), 

when too adherent/invaded by the tumor. 

D. Dissection of the inferior vena cava (IVC) if on 

the right side or aorta if on the left  side, ligating ipsi-

lateral renal vessels and other collaterals and dissec-

tion of the iliac vessels. 

E. Peritonectomy, resection of the psoas muscle in 

the pelvis (plus rectal resection if on the left  side) af-

ter identifi cation and liberation of the femoral nerve 

(unless directly invaded) and possibly of the femoral 

cutaneous branch, while the genitofemoralis and ili-

oinguinal nerves are usually resected, as these lie be-

tween the tumor and the psoas fascia. 

F. Section of the origin of the psoas major from the 

spine, sparing the roots of the femoral nerve and 

possibly the iliohypogastric nerve, liberation/resec-

tion of the costodiaphragmatic fold, and removal of 

the specimen. 

Subcapsular liver dissection or partial hepatecto-

my are rarely needed for tumors located on the right 

side, whereas a complete liberation of the right liver 

lobe is usually of help. Similarly, sleeve gastrectomy or 

proximal gastrectomy is rarely required for tumors lo-

cated on the left  side. Finally, vascular resections (pre-

dominantly iliac vessels on either side and IVC on the 

right side) are required in 4% of cases.

Leiomyosarcoma and other rarer histologic subtypes 

such as solitary fi brous tumor are much more well-de-

fi ned tumors. Th eir border can be clearly separated 

from retroperitoneal fat/structures. A wide resection is 

still required but not necessarily involving the adjacent 

organs if these are not clearly invaded (Figure 2).

Extended surgery may raise concern for added 

morbidity. A recent multi-institutional collaboration, 

however, found that a radical resection is safe and is as-

sociated with low 30-day mortality (1.8%). Severe com-

plications were associated with increased age, transfu-

sion requirements, and organ resection score, with a 

more pronounced risk in patients undergoing splenec-

tomy and pancreatectomy and Whipple procedure.[23] 

Although major vascular resection (MVR) is as-

sociated with higher morbidity, vascular involvement 

does not preclude resection because it can be safely 

performed in specialized centers. MVR may be nec-

essary either due to the origin of the RPS, as is the 

case for leiomyosarcoma of the IVC, or due to local 

invasion and involvement.[24] Whereas multiple 

strategies for approaching MVR can be used, a good 

understanding of the vasculature and collaterals is 

critical prior to attempting resection and reconstruc-

tion, given that IVC resections are well tolerated if a 

good network of collaterals is present.[25] 

In essence, resection of RPS requires technical 

expertise in multiple sites throughout the abdominal 

and pelvic cavity, including the handling of large ves-

sels. Single organ/site expertise is not suffi  cient. Th e 

ability to orchestrate a team of complementary sur-

gical experts is critical to successful management of 

RPS patients. To minimize the risk of intraoperative 

and perioperative morbidity, RPS resection should 

be undertaken by surgical teams with expertise in 

specifi c aspects of the anatomy of the retroperitoneal 

space—for example, expertise in retroperitoneal au-

tonomic and somatic nerves, the lymphatic system, 

paravertebral vessels, and organs of the gastrointesti-

nal tract. Required expertise also includes experience 

with additional procedures, such as full-thickness 

thoracoabdominal wall resection and reconstruction, 

diaphragmatic resection and reconstruction, major 

vascular resection and reconstruction, and bone re-

section. Surgical teams with these abilities, which may 

accrue from prior participation in multidisciplinary 

surgical teams, can achieve macroscopically complete 

tumor resection in the majority of patients. 

Radiation Therapy
Given the importance of local control in a majority of 

RPS subtypes, radiation therapy (RT) has long been 

an important tool in the multimodal treatment of this 

disease. Th ere has been great debate, however, over the 

use of RT in either the adjuvant setting or the neoadju-

vant setting, based on lessons learned from extremity 

sarcomas. Analysis of retrospective series has shown 

mixed results.[26] Th e fi rst randomized, controlled tri-

al comparing neoadjuvant RT with surgery (ACOSOG 

Z9031) closed prematurely in 2004 due to low accru-

al rates because of concerns over treatment toxici-

ty and delays in surgery. However, the STRASS trial 

(NCT01344018), an international randomized, con-

trolled trial assessing oncologic outcomes in patients 

undergoing neoadjuvant RT and surgery compared 

with patients undergoing upfront surgery, has complet-

ed accrual and fi nal results are expected to be released 

at the 2019 American Society of Clinical Oncology 

Annual Meeting. An interim safety analysis presented 

at the Connective Tissue Oncology Society meeting in 

2016 did not identify an increased risk of perioperative 

events in the neoadjuvant radiation group. 

While awaiting these results, an analysis of the 

prospectively collected National Cancer Database 

looked at the impact of radiation on overall survival. 

Th is propensity-matched cohort analysis identifi ed 

improved survival in both patients receiving neoad-

RETROPERITONEAL SARCOMA
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juvant RT as well as those receiving adjuvant RT.[27] 

Although this study has many limitations, including 

the lack of granularity of the data, it does provide a 

glimpse into the potential impact of RT in the largest 

series of RPS patients to date. Nevertheless, it should 

be emphasized that postoperative/adjuvant external 

beam RT following complete gross resection is of no 

study-proven value and is associated with signifi cant 

short- and long-term toxicities. A therapeutic RT 

dose can be achieved in a minority of patients fol-

lowing resection. Th e quality of microscopic surgical 

margins should not be factored into the decision (in 

R1 patients with positive margins), not only because 

adjuvant RT holds little value, but because higher 

doses of RT in the case of R1 resection are not even 

possible in the postoperative setting. If considered, 

RT should be given in the preoperative setting. 

Although the use of preoperative RT in inoperable/

borderline resectable patients is a well-accepted strategy, 

the STRASS study will soon provide randomized data 

about the prognostic impact of this approach in patients 

who are candidates for macroscopic complete resection. 

Intraoperative radiation therapy has been utilized with 

mixed results, but it has not been associated with an im-

provement in survival. Moreover, the increased toxicity 

associated with this modality limits its use to experi-

enced centers and in the context of clinical trials.

Systemic Treatment
Because of the many diff erent subtypes of RPS, no clini-

cal trials have assessed the use of adjuvant chemothera-

py. Sarcoma patients receiving adjuvant chemotherapy 

are oft en in clinical trials mainly recruiting patients 

with extremity sarcomas for whom primarily anthra-

cycline-based regimens have demonstrated a small but 

statistically signifi cant survival advantage. Th e RPS 

subtypes that might benefi t the most from chemother-

apy are high-grade (G3 according to the Fédération Na-

tionale des Centres de Lutte Contre Le Cancer grading 

system), dediff erentiated liposarcoma, leiomyosarco-

ma, and undiff erentiated pleomorphic sarcoma, which 

tend to be chemosensitive.[28] Following the success 

of recruitment to STRASS, a second randomized study 

addressing the role of neoadjuvant chemotherapy in 

RPS is in preparation. So far, however, systemic chemo-

therapy has a limited role in the treatment of RPS.

Another treatment modality that is gaining trac-

tion is neoadjuvant chemotherapy as a radiosensitizer 

in conjunction with radiation therapy. A recently pub-

lished phase I/II study assessed the long-term outcomes 

of 83 RPS patients treated with three cycles of high-

dose, long-infusion ifosfamide in conjunction with RT 

prior to surgery.[29] Th is trial demonstrated the feasi-

bility and tolerability of such a regimen, even though 

prognosis remained poor.[30] Th e combination of ra-

diotherapy with other compounds, such as trabectedin 

or molecular target agents, is under investigation.

Recurrent Retroperitoneal Sarcoma
Unfortunately, local recurrence is still possible in RPS 

despite optimal surgical excision at primary presen-

tation and multimodal therapy. Th e TARPSWG has 

published consensus guidelines to guide decision 

making in these oft en complex surgical cases.[31] A 

careful review of the preoperative imaging, operative 

report, and pathology, as well as current fi ndings in 

a multidisciplinary setting, are essential. It is import-

ant to realize that the oncologic outcome deteriorates 

with each surgical resection while the risks and ma-

jor associated morbidities increase.[32] Th us, the risk 

and benefi ts need to be judiciously weighed when 

planning and timing treatment for recurrence. 

An analysis of the TARPSWG collaborative 

multi-institutional series has attempted to identify 

the strongest predictors of survival aft er treatment 

for local recurrence. Time from initial surgery to 

time of recurrence was the strongest predictor of 

survival. Patients who successfully underwent resec-

tion of their recurrence also had a aurvival advan-

tage.[33] Multifocal disease carries in itself a poorer 

prognosis, with a very high rate of re-recurrence.

[34] Although multifocal tumors are diffi  cult to dis-

tinguish from peritoneal sarcomatosis, an analysis of 

a large, single-institution cohort identifi ed the cut-

off  between them at seven lesions, and it seems that 

prognosis is signifi cantly aff ected by this cutoff . As 

expected, incomplete debulking was not associated 

with improved survival, highlighting the importance 

of patient selection when resecting recurrent disease.

[35] Complete debulking and heated intraperitoneal 

chemotherapy has not proven eff ective in sarcoma, 

but it can be considered on a case-by-case basis; the 

decision heavily relies on histologic subtype.[36]

Metastatic Retroperitoneal Sarcoma
Patient evaluation for metastatic RPS should aim to 

give the patient access to clinical trials and compre-

hensive multidisciplinary care. A tailored treatment 

plan should be designed, taking into consideration 

histopathology, previous therapy, disease-free inter-

val, symptomatology, comorbidities, and functional 

status.[37] Metachronal hepatic or pulmonary metas-

tasectomy should be considered following principles 

well established for other malignancies, as well as for 

extremity sarcomas. Selected patients should have un-

dergone complete resection of the primary, and have 

a low, well-localized burden of disease that is easily 

accessible and amenable to complete resection. More-
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over, a disease-free interval of more than 12 months 

would be ideal, as is response to systemic treatment or 

stable disease. Th ere is no established role for resec-

tion of metastatic RPS, nor is there one for palliative 

surgery except in select cases.[38]

Conclusion
RPS comprises a multitude of histologic subtypes with 

specifi c prognoses. Complete surgical excision is the 

only chance at a cure and should be performed at spe-

cialized centers by an experienced team. Recurrent 

and metastatic disease should be addressed on a case-

by-case basis by a multidisciplinary team and possibly 

in prospective studies. m
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 § Neoadjuvant 

therapies (chemo-

therapy, external 

beam radiation, or 

combination radiation 

and chemotherapy) 

are safe in well-se-

lected patients and 

may be considered 

after careful review 

by a multidisciplinary 

sarcoma tumor board 

when the recurrence 

risk is high. The 

preferred modality is 

chosen based on the 

pattern of recurrence, 

chemotherapy being 

employed in histolo-

gies with the highest 

systemic risk (eg, 

leiomyosarcoma and 

high-grade dediffer-

entiated liposarcoma), 

and radiotherapy 

in those with the 

highest locoregional 

risk (eg, well-differ-

entiated liposarcoma 

and low/intermediate 

dedifferentiated lipo-

sarcoma). None of the 

neoadjuvant/adjuvant 

modalities, however, 

has proven its value 

in terms of improved 

survival rates.
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Introduction
Metastatic prostate cancer remains a global health 

challenge. Despite improvements in anticancer ther-

apies, management of the disease is oft en a struggle to 

maintain a balance between preserving quality of life 

and extending survival. Charles Huggins and Andrew 

Schally laid the groundwork for establishing the criti-

cal role of antiandrogen therapies in the management 

of metastatic prostate cancer.[1] Initially, androgen 

deprivation therapy (ADT) was achieved via orchiec-

tomy, but by the mid-1980s, the approval of gonad-

otropin-releasing hormone (GnRH) agonists allowed 

for medical ADT.[2] Intermittent ADT represents an 

option for patients with biochemically relapsed pros-

tate cancer, but continuous ADT is the standard ini-

tial treatment for metastatic disease. While prolonged 

disease control can be achieved with this approach, 

use of ADT is associated with a wide range of side ef-

fects (Table) that may signifi cantly reduce quality of 

life. In this article, we summarize the key side eff ects 

associated with ADT and highlight strategies to mit-

igate them. 

Vasomotor Complications
Hot fl ushes are one of the most common and both-

ersome side eff ects associated with ADT. Up to 80% 

of patients undergoing treatment with GnRH agonists 

will experience hot fl ushes, with 27% of these patients 

reporting this symptom as the most signifi cant adverse 

side eff ect.[3] Hot fl ushes are described as an intense 

feeling of warmth, occasionally associated with nau-

sea and night sweats. Many patients will achieve some 

improvement in symptom severity as their bodies ac-

climate to the low testosterone state, although some 

patients will not acclimate. Th erapeutic management 

is largely extrapolated from studies in breast cancer 

patients receiving tamoxifen.[4] Randomized clinical 

trials have demonstrated effi  cacy of gabapentin and 

venlafaxine; these agents may be used for this off -la-

bel indication in men receiving ADT.[5,6] Low-dose 

estrogen and progestins can also be considered,[5] but 

the benefi ts of this option need to be weighed against 

the thromboembolic risk associated with estrogen 

use.[7] Additionally, acupuncture has been shown to 

be of potential benefi t.[8] Conservative strategies to 

abort hot fl ushes include sleeping with an open win-

dow or drinking cold beverages. Lastly, regular exer-

cise can help decrease frequency and severity of hot 

fl ushes; given the benefi t of exercise for other ADT 

side eff ects and overall health, this recommendation 

is strongly encouraged. Overall, a stepwise approach 

is suggested for hot fl ush management, including ex-

ercise, conservative measures, use of venlafaxine or 

gabapentin, and lastly use of estrogen or progestins as 

needed, while weighing the potential risks vs benefi ts 

of each treatment option.

Sexual Dysfunction and Gynecomastia
Several studies have shown that treatment for clini-

cally localized prostate cancer involving either radi-
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cal prostatectomy, brachytherapy, or external beam 

radiotherapy (EBRT) can result in long-term erectile 

dysfunction.[9,10] Patients receiving neoadjuvant 

ADT with EBRT were found to have decreased fre-

quency of erection, decreased overall sexual function, 

and an increase in frequency of hot fl ushes.[11] In ad-

dition, loss of libido is a major consequence of ADT. 

Th e degree of erectile dysfunction for patients on 

ADT is impacted by pretreatment sexual function, as 

well as by changes in libido; in patients previously able 

to attain an erection, phosphodiesterase 5 inhibitors, 

intracavernosal injection therapy, vacuum-assisted 

devices, or other topical agents may be used. Given 

the complex interplay between physiology, psycholo-

gy, stress, and emotion involved in sexual function, a 

referral to a psychology or counseling service with a 

focus on sexual health is recommended for interested 

patients and their partners.

Gynecomastia may arise in conditions of unop-

posed estrogen activity and can be distressing for cos-

metic reasons or because of pain. It may occur with 

ADT; however, it is more problematic with antiandro-

gens (specifi cally at higher doses) due to the buildup 

of androgens and their consequent peripheral conver-

sion to estrogen in breast tissue. Tamoxifen and breast 

irradiation are two treatment options; the former is 

more benefi cial as primary prevention, whereas the 

latter may be of greater use following established gy-

necomastia.[12,13]

Bone Health
ADT is associated with signifi cant changes in bone. 

Multiple studies have demonstrated that bone min-

eral density (BMD) is signifi cantly reduced in men 

receiving ADT compared with controls.[14] Th e risk 

of fracture increases with use of ADT and appears to 

be dose dependent.[15] Prevention of skeletal-related 

events (SREs) has been evaluated in multiple random-

ized clinical trials for patients with nonmetastatic cas-

tration-sensitive prostate cancer (CSPC). One study 

demonstrated a signifi cant decrease in BMD in men 

receiving ADT alone, while there was no signifi cant 

change in those who received ADT plus pamidronate.

[16] In castration-resistant prostate cancer (CRPC) 

metastatic to bone, a randomized placebo-controlled 

trial found that zoledronic acid reduced SREs.[17] 

Another phase III randomized clinical trial found 

denosumab to be more eff ective than zoledronic acid 

in preventing SREs.[18] Interestingly, in contrast to 

men with metastatic CRPC, no benefi t was seen from 

Table. Major Side Effects Associated With Androgen Deprivation Therapy (ADT) 

Symptom Comments

Hot fl ushes Very common. Can be mitigated by use of medications such as venlafaxine or gabapentin. Additionally, 
acupuncture has a potential role in alleviating symptoms.

Osteoporosis Very common. Estimated 1%–3% fracture risk per year. Men should be given calcium/vitamin D 
supplements. There is a clear role for osteoclast inhibitors (either zoledronic acid or denosumab) in men 
with metastatic castration-resistant prostate cancer with bone metastases in preventing skeletal-relat-
ed events. In men with metastatic castration-sensitive prostate cancer, bisphosphonates have not been 
shown to be benefi cial.

Fatigue Very common. Seen in most men receiving ADT and independent of anemia or depression. Regular 
exercise can be benefi cial in these patients.

Depression Common. Seen frequently in men treated with ADT and should be explored at multiple visits. May be 
amenable to treatment with SSRI (or SNRI if concurrent with hot fl ushes).

Gynecomastia Common. Can be a major quality of life issue, although tamoxifen and radiotherapy can be potential 
treatment options.

Erectile dysfunction Common. Both erectile dysfunction and decreased libido are seen in men receiving ADT and remain 
major quality-of-life issues. Referral to sexual health counseling may be of benefi t.

Metabolic syndrome Common. Weight gain is commonly seen within 1 year of starting ADT. Additionally, insulin resistance, 
dyslipidemia, and sarcopenic obesity are reported.

Dementia Controversial. Multiple studies have explored this issue, with mixed and confl icting fi ndings. This 
remains an active area of clinical research.

Thromboembolic disease Controversial. Several meta-analyses have shown an association between VTE and ongoing ADT use, 
though many have not controlled for ongoing tobacco use and acute hospitalizations, both of which 
increase thrombotic risk. 

Cardiovascular disease Controversial. Several meta-analyses have found confl icting results on risk of cardiovascular disease 
from ADT. Primary and secondary prevention for cardiovascular disease should be pursued.

SNRI = serotonin and norepinephrine reuptake inhibitor; SSRI = selective serotonin reuptake inhibitor; VTE = venous thromboembolism.
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osteoclast inhibition in men with CSPC metastatic to 

bone.[19]

Men who are about to start ADT should be eval-

uated for risk of osteoporosis, prior fractures, alcohol 

use, and prior (or current) glucocorticoid use. Serum 

vitamin D and baseline BMD may be checked to see if 

bisphosphonates are indicated, with periodic re-eval-

uation of BMD while on ADT. For all patients starting 

ADT, it is recommended that they supplement their 

diet with at least 1,000-mg oral calcium daily and 

1,000 IU of vitamin D in an eff ort to preserve bone 

integrity and minimize losses; a referral to a registered 

dietician may further aid in refi ning both dietary 

and supplement recommendations. Lastly, an exer-

cise program that includes resistance training and/

or weight-bearing exercise is encouraged to further 

maintain bone strength. 

Metabolic Syndrome
A variety of metabolic changes have been observed 

with ADT, including weight gain, dyslipidemia, hy-

perglycemia, and sarcopenia. Weight gain, specifi cal-

ly, is a well-recognized side eff ect of ADT.[20-22] Ret-

rospective studies have found that men on ADT for 

nonmetastatic prostate cancer had a median weight 

gain of 1 to 2 kg aft er 1 year of treatment.[22] Similar 

changes in weight have been noted in the metastatic 

setting.[23-25] When more dramatic, weight gain can 

have major consequences in terms of both mental and 

cardiovascular health. A referral to a registered dieti-

cian may help with improving diet, while engagement 

in a structured and formal exercise program can help 

with reducing or maintaining weight. Many cancer 

centers off er such programs, and these should be sug-

gested to interested or at-risk patients.

In addition, multiple studies have noted dyslipid-

emia and increased risk for metabolic syndrome with 

use of ADT.[26,27] Extrapolating that these changes 

are associated with increases in cardiovascular risk 

remains controversial. Loss of lean muscle mass and 

sarcopenic obesity have been described in several 

studies. A study of 39 men receiving ADT using CT 

measurements of the rectus, femoris, sartorius, and 

quadriceps muscles noted decreases in the cross-sec-

tional area of these muscles.[28] Given the impor-

tance of these muscles in gait and balance, studies 

have explored the association between ADT use and 

fall risk. One study noted a higher rate of falls in per-

sons treated with ADT, with apparent persistent risk 

even aft er ADT is discontinued.[29] Th us, judicious 

use of ADT and careful evaluation of frail patients 

and those at risk for complications are recommended 

when the need for treatment is questionable (eg, bio-

chemical relapse with slowly rising prostate-specifi c 

antigen [PSA] levels). 

Neurocognitive Changes
Emerging data show that men with prostate cancer 

receiving ADT are at risk for a spectrum of neuro-

cognitive complications, such as depression, memo-

ry diffi  culties, and fatigue.[30] In a population-based 

cross-sectional study of elderly men, it was found that 

lower serum testosterone levels were associated with 

decreased performance on the Mini-Mental State 

Examination (MMSE), the Trail Making Test B, and 

the Digit Symbol Substitution cognitive test. A ma-

jor confounding variable in this study was age, since 

more than half of all cases of dementia occur in men 

> 65 years of age. Th is was addressed in a large cohort 

study that found a statistically signifi cant association 

between use of ADT and risk of dementia.[31] Sensi-

tivity analyses found that use of ADT for longer than 

12 months was associated with the greatest absolute 

risk of dementia.

Numerous prospective studies examining the 

impact of ADT on cognitive function have been 

performed, with mixed and confl icting results. A 

prospective study of men with extraprostatic disease 

randomized 82 patients to receive either leuprolide, 

goserelin, cyproterone acetate, or close clinical moni-

toring. All patients underwent serial cognitive assess-

ments at baseline, at the start of treatment, and at 6 

months.[32] A decrease in cognitive performance 

aft er 6 months of ADT use was found in the patients 

on active treatment compared with those on the close 

monitoring arm. A major limitation of this study is 

that spatial memory testing was omitted from the 

analysis, which has been shown to be more sensi-

tive in detecting cognitive diff erences.[33] Another 

cross-sectional study compared neuropsychological 

parameters in three groups of patients: patients with 

prostate cancer receiving ADT, patients with prostate 

cancer not receiving ADT, and normal controls.[34] 

Here, the authors made a distinction between time-

based prospective memory (eg, remembering to call a 

friend in 1 hour) and event-based prospective memo-

ry (eg, remembering to buy fruit when passing a fruit 

stand). Th is study demonstrated that men receiving 

ADT did demonstrably worse in event-related pro-

spective memory than men not receiving ADT and 

matched controls. A limitation of this study was the 

lack of long-term follow-up on cognitive function, 

making it diffi  cult to know whether the neurocog-

nitive eff ects of ADT persist aft er discontinuation of 

therapy. 

Th ese studies can be contrasted with several others 
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that have not demonstrated an association between 

use of ADT and neurocognitive decline. A large co-

hort study compared cognitive function using neuro-

psychological tests in the following groups: men with 

prostate cancer receiving continuous ADT, men with 

prostate cancer not receiving ADT, and healthy con-

trols.[35] Th e authors found no diff erence in cognitive 

function over 12 months of ADT use. Furthermore, a 

recent large meta-analysis failed to fi nd an association 

between cognitive impairment and ADT.[36] Similar 

fi ndings were reported in one of the largest popula-

tion studies of this kind, which examined 1.2 million 

Medicare benefi ciaries who developed prostate cancer 

from 2001 to 2014.[37] Th e risk of dementia was not 

associated with duration of ADT (ie, there was no 

dose-dependent eff ect). Currently, there is mixed ev-

idence on whether ADT is associated with long-term 

neurocognitive impairments, and this remains a topic 

of active research. In patients with baseline cognitive 

impairment, it is reasonable to attempt to minimize 

exposure to ADT, if possible (through intermittent 

treatment or by treating with anti-androgen mono-

therapy).

Thrombotic Complications
Th romboembolic risk has been noted in several stud-

ies.[31,38] In a large retrospective series, patients 

who received ADT had a 15% absolute risk of ve-

nous thromboembolism (VTE), compared with 7% 

among patients who did not receive ADT. Overall, 

there was a signifi cant association between ADT use 

and risk of VTE or arterial embolism (adjusted haz-

ard ratio [HR], 1.56; 95% CI, 1.50–1.61; P < .0001). 

Furthermore, greater duration of ADT was associated 

with an increased number of VTE events. Th ese data 

are especially important to consider in patients with 

additional risk factors for VTE. Indeed, as indicated 

previously, tamoxifen has been reported to be useful 

therapy for ADT-associated gynecomastia,[13] yet it 

is an independent risk factor for thrombosis. Breast 

irradiation can be an alternative in symptomatic pa-

tients with thrombotic risk. 

Data regarding use of ADT and risk of stroke are 

confl icting. A prospective case-control study from 

Taiwan reported no increased risk of stroke in pa-

tients with prostate cancer receiving ADT vs those not 

receiving it in an adjusted analysis.[39] In contrast, a 

meta-analysis reported a trend toward increased risk 

of stroke with ADT; however, this was not statistical-

ly signifi cant (HR, 1.12; 95% CI, 0.95–1.32; P = .16). 

Th at said, subgroup analysis did identify GnRH ago-

nist use alone or combined with anti-androgen use, 

and surgical castration, as having a signifi cant associ-

ation with stroke.[40] Based on the available evidence, 

risk of stroke should be mentioned when obtaining 

informed consent; however, the individual absolute 

risk is likely low.

Cardiovascular Complications
Th ere are confl icting data on the risk of cardiovascu-

lar disease (CVD) with use of ADT. Currently, there 

are no prospective randomized controlled data assess-

ing the association of ADT use with risk of CVD. In 

a large retrospective population-based cohort study, 

multivariate analyses demonstrated that men with 

newly diagnosed prostate cancer who received ADT 

had a 20% increased risk of CVD.[41] Somewhat par-

adoxically, the study found that men receiving treat-

ment for less than 12 months were at higher risk for 

cardiovascular events compared with men who had 

been on ADT for longer. A major limitation of this 

study is that the researchers were unable to control for 

smoking and obesity, which are two major risk factors 

for CVD and could confound the results. Additional-

ly, age was a major variable associated with CVD. A 

meta-analysis of eight large trials found no signifi cant 

diff erences in risk of CVD in patients receiving ADT 

vs controls, nor was duration of ADT signifi cantly as-

sociated with increased risk of CVD.[42]

Currently, no specifi c recommendation adjust-

ments for men with prostate cancer receiving ADT 

should be pursued outside of primary prevention, 

including smoking cessation, and secondary pre-

vention, including glycemic control, lipid-lowering 

therapy, and aspirin therapy for men with coronary 

artery disease. Given the propensity of patients on 

ADT to gain central adiposity, a healthy diet and ex-

ercise program are recommended to all patients at the 

start of treatment. Intermittent ADT or antiandrogen 

monotherapy may be appropriate for select patients 

(eg, those with biochemical relapse, low burden of 

metastases with more indolent course, and deep PSA 

nadir) at high risk for cardiovascular events; such 

patients should be evaluated on an individual basis 

and engaged in shared decision making, weighing 

the risk of a cardiovascular event vs cancer progres-

sion. Ultimately, patients with known CVD or those 

with numerous CVD risk factors should be evaluated 

promptly, if they develop new symptoms of chest pain 

or dyspnea while on ADT. A referral to cardio-oncol-

ogy may assist in risk stratifi cation. 

Renal Complications
Observational data suggest an association between 

ADT use and rate of acute kidney injury (AKI).

[43,44] In retrospective studies, the link appeared 
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management with 

specialists and allied 

health professionals 

may assist in manag-

ing the complex side 

effects of ADT.
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stronger with use of GnRH agonists plus an antian-

drogen, as well as with GnRH agonists alone, com-

pared with surgical castration; however, the inherent 

biases within such studies and the potential for nu-

merous confounders raise questions regarding cau-

sality and the strength of association. Th us, use of 

ADT may present an increased risk of AKI, although 

the true risk and clinical signifi cance are diffi  cult to 

quantify. 

Conclusion 
ADT is the cornerstone of management for men with 

metastatic prostate cancer. It is associated with numer-

ous side eff ects that can infl uence quality of life. Hot 

fl ushes, sexual dysfunction, gynecomastia, osteoporo-

sis, metabolic syndrome, and depression are well-de-

scribed complications of ADT. Th e implications of 

ADT use for risks of neurocognitive decline and CVD 

remain controversial, with multiple studies docu-

menting confl icting results. Addressing quality-of-life 

concerns is of paramount importance with use of 

ADT, given the increased survival benefi ts found 

with combinations of ADT with other agents. Given 

the advanced age of many patients and the prolonged 

duration of ADT when treating localized disease with 

curative intent, some patients remain hypogonadal 

long aft er completion of therapy, underscoring the 

potential long-lasting sequelae of treatment. While 

consensus is lacking, there are mounting data[45] 

suggesting that testosterone replacement therapy may 

be cautiously used in select individuals in whom risk 

of prostate cancer relapse is determined to be low and 

hypogonadism remains long aft er ADT cessation. Ul-

timately, applying a multidisciplinary care model that 

incorporates specialists and allied healthcare profes-

sionals to aid in pharmacologic and lifestyle interven-

tions is likely to provide optimal benefi t in managing 

side eff ects for patients receiving long-term ADT. m
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A 58-year-old man presents with a cough, dyspnea, 

and chest pain. Chest imaging shows the pres-

ence of pleural effusion, and a biopsy is obtained.
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Introduction
Over the past decade, the availability of eff ective therapies for cuta-
neous melanoma has expanded greatly. Th e US Food and Drug Ad-
ministration (FDA) has approved new classes of therapeutic agents 
in both the adjuvant and metastatic settings, and there are numerous 
ongoing clinical trials. Th ese therapies, which include drugs target-
ing specifi c mutant proteins and others that manipulate the innate 
immune system, have demonstrated substantial improvements in 
response rates and overall survival (OS) for melanoma patients, who 
previously had few options. Nevertheless, some patients respond 
poorly or not at all. Th us, there is a need to identify biomarkers and/
or clinical features predictive of response.  

Baseline disease burden has been shown to be associated with 
therapeutic responses and outcomes. Although tumor burden can 
be measured and reported in several ways (ie, tumor diameter [larg-
est or combined], tumor volume, number of metastases), patients 
who have smaller and fewer metastases have improved clinical and 
pathologic responses and survival compared with patients with 
greater baseline tumor burden across multiple cancer types. Th ese 
cancer types include uveal melanoma,[1-6] renal cell carcinoma,[7] 
breast cancer,[8-10] and Hodgkin,[11] and non-Hodgkin lympho-
ma,[12] and non–small-cell lung cancer (NSCLC).[13] Several 
liver-directed treatments for uveal melanoma, including surgical 
resection, chemoembolization, radioembolization, and percutane-
ous hepatic perfusion, elicit better responses and prolong progres-
sion-free survival (PFS) and OS with smaller baseline tumor burden.
[1-6,14,15] Together, these studies support the signifi cant impact of 
baseline tumor burden on clinical outcomes.  

In cutaneous melanoma, a growing body of evidence describes 
the importance of tumor burden in treatment response, and it has 
been suggested that this clinical feature could help inform treatment 
decision making.[16] Th us, tumor burden could have implications 
for future clinical staging or national guidelines, since it is not ac-
counted for in the current American Joint Committee on Cancer 
(AJCC) M staging for stage IV disease.[17] It logically follows that 
to exploit lower tumor burden to improve treatment outcomes, sur-
veillance in certain patient groups becomes critical. In this article, 
we review the role of baseline tumor size in response and survival 
on traditional and contemporary therapies for the treatment of lo-
coregional and distant melanoma recurrences. We also discuss the 
implications of these fi ndings for surveillance strategies in high-risk 
melanoma patients to facilitate early detection of asymptomatic mel-
anoma recurrences amenable to treatment.

Impact of Locoregional Melanoma Tumor Burden 
on Tumor Response and Overall Survival With 
Regional Therapies
Patients with unresectable locoregional recurrences or in-transit 
melanoma, in the absence of widespread distant metastatic disease, 
have improved survival compared with patients with systemic dis-
ease. Th is is refl ected in TNM staging, which has a diff erent and 
successively worse prognosis for M1a (skin or nonregional lymph 
node with normal lactate dehydrogenase [LDH] level), M1b (lung 
metastases with normal LDH level), and M1c (visceral metastases or 
elevated LDH level) stage IV melanoma. Even more favorable M1a 
disease can cause debilitating symptoms such as ulceration, pain, 
and bleeding that aff ect quality of life. M1a patients frequently expe-
rience recurrences, which can be challenging to manage, and there 
is also the substantial risk of distant metastasis. 

Th ese lesions can be treated by surgical resection in limited 
disease settings or with regional and/or systemic therapies, which 
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can provide symptom alleviation and disease control. Such region-
al treatments include isolated limb infusion (ILI) and isolated limb 
perfusion (ILP) for unresectable and/or in-transit lesions isolated to 
the extremities, and talimogene laherparepvec (T-VEC), which also 
can have benefi cial eff ects on uninjected lesions and low-volume 
distant metastases.  

Percutaneous ILI can be used to treat melanoma of the extrem-
ities by isolating the limb from the systemic circulation, permitting 
the use of high-dose chemotherapy. Tumor burden has been shown 
to be a signifi cant predictor of response to ILI. Steinman et al evalu-
ated factors associated with ILI response, OS, and limb salvage.[18] 
Low tumor burden was defi ned as fewer than 10 lesions, with no 
lesion greater than 3 cm, while high tumor burden was defi ned as 
10 lesions or more, or 1 lesion greater than 3 cm. Fift een out of 23 
patients (65%) with low tumor burden had a signifi cant response 
(complete response [CR], or partial response [PR]), whereas only 6 
out of 32 patients (19%) with high tumor burden had a signifi cant 
response (P < .0001). Ten out of 14 patients (71%) who had a CR 
had low tumor burden. Patients exhibiting a CR had an improved 
5-year survival rate (91%) compared with those who had less than a 
CR (34%; P = .011). Similarly, patients with low tumor burden had a 
signifi cantly improved 5-year OS rate compared with patients with 
high tumor burden (69% and 29%, respectively; P = .007). A sepa-
rate study of ILP in 91 patients at the National Cancer Institute also 
concluded that ILP may be most eff ective if utilized early when dis-
ease burden is low.[19]

T-VEC is an oncolytic viral immunotherapy that is FDA-ap-
proved for the treatment of unresectable stage IIIB–IV melanoma.
[20,21] In a phase III trial in 436 patients, signifi cantly more patients 
treated with T-VEC had durable and overall responses compared 
with those treated with granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF). Furthermore, 40% of patients had a CR fol-
lowing T-VEC treatment. Of 414 patients with evaluable baseline 
tumor burden, those with tumor burden less than the median had 
signifi cantly improved durable and overall response rates, as well as 
improved OS.[21] Th is was true in the T-VEC–alone arm and in the 
combined T-VEC and GM-CSF arm. In the T-VEC arm, the hazard 
ratio (HR) for death associated with lower tumor burden was 0.27, 
with a 43% mortality rate in patients with lower tumor burden vs 
85% in patients with tumor burden greater than the median (P < 
.001). Th e authors suggested that tumor burden should be consid-
ered for prognostication and response prediction in future trials of 
T-VEC and other therapies. 

Although there is recognition of tumor burden within AJCC 
substaging for regional disease, it is limited to nodal burden. 
Th ese studies demonstrate the limitations of AJCC staging for pre-
dicting response to locoregional therapies and show that tumor 

burden in this setting is not merely a surrogate for staging. AJCC 
stage was not predictive of response to ILI [18] and was not an inde-
pendent predictor of in-fi eld PFS or OS with ILP.[19] With T-VEC, 
patients with lower tumor burden had improved OS when stages 
IIIB/IIIC/IVM1a and IVM1b/c were evaluated separately. Tumor 
burden was still a signifi cant independent predictor of overall re-
sponse, durable response, and OS when AJCC stage was included in 
multivariate analysis.[21]

Impact of Metastatic Melanoma Tumor Burden 
on Tumor Response and Overall Survival With 
Systemic Therapies
Th e prevalence of BRAF V600E/K mutations in melanoma led to 
the development of targeted agents to inhibit the constitutively 
active, mutant BRAF kinase and downstream signaling pathway. 
Th ese therapies include BRAF inhibitors such as dabrafenib and ve-
murafenib and MEK inhibitors such as trametinib and cobimetinib. 
BRAF and MEK inhibitors are usually used in combination.

Prolonged survival and improved responses to BRAF and MEK 
inhibitors have been demonstrated in patients with a smaller met-
astatic disease burden.[22,23] In a landmark analysis of the phase 
III COMBI-d trial of dabrafenib and trametinib, the number of 
metastatic organ sites combined with LDH levels were identifi ed 
as important prognostic factors for combination therapy.[22] Th e 
3-year PFS rate for patients receiving combination therapy who had 
fewer than three metastatic organ sites and normal LDH levels was 
38% compared with 27% for those with normal LDH levels alone. 
Rates of OS for patients receiving combination therapy were 62% for 
those with fewer than three metastatic organ sites and normal LDH 
and 54% for those with normal LDH levels alone. Nearly half (49%) 
of the patients with fewer than three involved organ sites and nor-
mal LDH levels who received combination therapy were alive aft er 
3 years. Th e 5-year landmark analysis of part C of the BRF113220 
trial, which represents the longest follow-up time on combination 
therapy, also found that patients with normal LDH levels and fewer 
than three involved organ sites derived the most benefi t from dab-
rafenib/trametinib treatment, with 5-year PFS and OS rates of 25% 
and 51%, respectively.[24] Furthermore, a pooled analysis of phase 
III trials found that normal LDH level, fewer than three metastatic 
organ sites, and a sum of lesion diameters less than 66 mm identifi ed 
the best prognostic group of those receiving combination therapy, 
with a 3-year PFS rate of 42%.[23] 

It could be argued that these reported PFS/OS benefi ts of tar-
geted therapies in patients with lower tumor burden are a result of 
lead-time bias. However, evalution of the individual responses of 
metastases shows that smaller metastases are more likely to have a 
CR to BRAF/MEK inhibition than are larger metastases.[25] A total 
of 24 patients collectively had 135 metastases (median, 4.5 per pa-
tient), with a median diameter of 16 mm (range, 5–108 mm). A CR 
occurred in 71 metastases (56.2%), including 42% of the metastases 
that had a baseline diameter greater than 10 mm. Metastases that 
exhibited a CR had a median diameter of 11 mm, as compared with 
a median diameter of 20 mm in metastases that exhibited a PR, were 
stable, or progressed (P < .001). With the exception of metastases 
within the lymph nodes, metastases with CRs at all other sites were 
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signifi cantly smaller than those with less than a CR. Of the 71 me-
tastases with a CR, only 1 progressed.[25] Th e biology underpinning 
the durable response in smaller lesions remains incompletely under-
stood. It is possible that smaller tumors allow better drug delivery 
into the tumor[26] or have accumulated less molecular heterogene-
ity and thus are more amenable to treatment. Although smaller in-
dividual metastases were associated with CRs, only 17% of patients 
had an overall CR and 75% had an overall PR. Th us, PFS was not 
associated with baseline tumor burden in this study. 

Immunotherapies for melanoma and other cancers manipulate 
the patient’s own immune system to attack tumor cells. As with 
targeted therapies, responses and survival outcomes with cytotox-
ic T-lymphocyte–associated antigen 4 (CTLA-4) and programmed 
death 1 (PD-1) inhibitors are improved in patients who have low-
er tumor burden. In 59 individual, measurable metastases in 21 
patients who received ipilimumab and bevacizumab in a phase I 
trial, smaller baseline tumor diameter was signifi cantly predictive 
of improved PFS and OS.[27] Patients with tumor diameter at or 
below the median (38 mm) had a median PFS of 27.5 months and 
the median was not reached for OS. Conversely, patients with tumor 
diameters greater than 38 mm had a median PFS of 4.1 months and 
median OS of 12.6 months. With every 5-mm increase in baseline 
diameter, the risk for progression and death increased by 14% and 
18%, respectively. 

Th e response of individual metastases to the PD-1 inhibitor 
pembrolizumab has also been evaluated.  A single-center analysis 
of patients enrolled in the phase I KEYNOTE-001 trial of pembroli-
zumab evaluated 442 metastases in 27 patients.[28] Approximately 
half of the metastases exhibited a CR, and 81% of patients had at 
least one metastasis that achieved a CR. Similar to the fi ndings of a 
separate single-center study in 37 patients,[29] metastases that ex-
hibited a CR were signifi cantly smaller than metastases that did not 
exhibit a CR.[28] Progression aft er a CR was observed in only one 
metastasis. It is possible that additional biological factors related to 
pembrolizumab response may contribute to the prevention of pro-
gression in these small metastases. 

Larger analyses of patients within KEYNOTE-001 have demon-
strated that baseline disease burden is signifi cantly associated with 
clinical response and outcomes in patients treated with pembroli-
zumab. Stratifying by median baseline tumor size (10.2 cm) in 583 
patients, baseline tumor burden at or below the median was associ-
ated with objective response rate and OS in univariate analysis. In 
multivariate analysis, baseline tumor burden at or below the median 
was an independent predictor of OS (HR, 0.61; P < .001).[30] In the 
subset of patients for whom pembrolizumab was fi rst-line treat-
ment, 83% of patients with baseline tumor burden at or below the 
median were alive aft er 1 year, compared with only 56% of patients 
with baseline tumor burden greater than the median (P < .001). A 
separate report of a pooled analysis of 581 patients with measurable 
disease from eight cohorts within the KEYNOTE-001 trial had sim-
ilar fi ndings. Baseline tumor size less than the median (also 10.2 cm) 
had an objective response rate (CR + PR) of 42.8%, whereas patients 
with tumor burden at or above the median had an objective response 
rate of 24.1%.[31] In a recent long-term analysis of KEYNOTE-001 
complete responders, tumor burden was signifi cantly associated 

with CR, and CR rates were higher in patients with smaller baseline 
tumor burden, particularly when coupled with positive programmed 
death ligand 1 (PD-L1) expression. CR rates were 37.6% in patients 
with small (1.0–4.9 cm), 17.8% with medium (5.0–9.9 cm), and 4.7% 
with large (10–90 cm) baseline tumor burden.[32] Together, these 
subgroup analyses show that, although patients with higher tumor 
burden can still benefi t from pembrolizumab, improved antitumor 
activity is seen in patients with low tumor burden.  

Mechanistically, it has been reported that the ratio of T-cell in-
vigoration to tumor burden may be associated with anti–PD-1 re-
sponse.[33] Using pretreatment and posttreatment peripheral blood 
from 29 stage IV melanoma patients receiving pembrolizumab, 
immune profi ling was performed to investigate pharmacodynam-
ic changes in circulating exhausted-phenotype CD8+ T cells (Tex 
cells). Despite having immunologic responses, some patients did not 
have objective responses. Th e researchers found that the ratio of Tex-
cell reinvigoration to tumor burden distinguished clinical outcomes 
and predicted response. Th erefore, they concluded that the relative 
balance between tumor burden and the amount of T-cell reinvigo-
ration, not just T-cell reinvigoration alone, contributes to response. 
Th is raises the possibility that even robust reinvigoration by anti–
PD-1 therapy may be clinically ineff ective if the tumor burden is too 
high. Th ese fi ndings may represent the fi rst steps in understanding 
the mechanisms behind the diff erent response rates seen in the pem-
brolizumab clinical trials described previously.  

Impact of Adjuvant Therapy on Minimal Residual 
Disease After Definitive Melanoma Treatment
Historically, stage III patients have had a substantial risk of relapse, 
with 55% to 60% of patients experiencing disease progression within 
4 years despite complete surgical resection and adjuvant interferon.
[34] Th us, there certainly was and is an ongoing clinical need for 
eff ective adjuvant therapies for high-risk stage III patients. Several 
therapies proven to be benefi cial in the metastatic setting have now 
been evaluated in the adjuvant setting. 

Th e combination of dabrafenib and trametinib was recently ap-
proved by the FDA for adjuvant melanoma treatment.[35] In an 
interim analysis of the double-blind, placebo-controlled, phase III 
COMBI-AD trial, 870 patients with stage IIIA–IIIC (AJCC 7th edi-
tion) melanoma harboring BRAF V600E or V600K mutations were 
randomized to dabrafenib plus trametinib or placebo for 12 months. 
With a median follow-up of 2.8 years, the respective estimated 
3-year relapse-free survival (RFS) and OS rates were 58% and 86% in 
the dabrafenib/trametinib group compared with 39% (P < .001) and 
77% (P = .0006) in the placebo group. Th e P value for OS was not 
below the prespecifi ed, interim-analysis signifi cance, but follow-up 
is ongoing, with additional interim analyses planned before the esti-
mated study completion in 2023. 

Like targeted therapies, immunotherapies have also been vali-
dated as treatment strategies in melanoma with residual microscop-
ic, clinically occult disease. High-dose ipilimumab (10 mg/kg) was 
approved in 2015 as adjuvant therapy for stage III patients at high 
risk for recurrence aft er complete resection. Th is approval was based 
on improvements in RFS, distant metastasis–free survival (DMFS), 
and OS on ipilimumab compared with placebo.[36,37] With a me-
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dian follow-up of 5.3 years, RFS was 40.8% with ipilimumab and 
30.3% with placebo (P < .001). DMFS was 48.3% with ipilimumab 
and 38.9% with placebo (P = .002), and OS rates were 65.4% with 
ipilimumab and 54.4% with placebo (P = .001).[36] Ipilimumab 
demonstrated benefi ts for patients with microscopic or macroscopic 
nodal disease, as well as for patients without an ulcerated primary 
melanoma.[37]

In the CheckMate-238 trial, adjuvant treatment (for up to 1 year 
or until disease recurrence) with the PD-1 inhibitor nivolumab was 
compared with ipilimumab in patients with stage IIIB, IIIC, and 
IV melanoma undergoing complete resection.[38] RFS was 66.4% 
vs 52.7% (P < .001) for nivolumab vs ipilimumab treatment. Th is 
signifi cant benefi t of nivolumab over ipilimumab persisted even in 
subanalyses accounting for stage, ulceration, nodal tumor burden, 
PD-L1 expression, and BRAF mutation. Similarly, KEYNOTE-054 
demonstrated that adjuvant pembrolizumab improves RFS for stage 
III patients, including stage IIIA patients with greater than 1 mm 
of nodal tumor burden—with 1-year recurrence rates of 75.4% vs 
61.0% for pembrolizumab-treated patients compared with those 
who received placebo (P < .001).[39] Despite the potential toxicities 
associated with adjuvant targeted therapies and immunotherapies, 
these trials confi rm their effi  cacy in patients without clinically de-
tectable cancer who still have subclinical microscopic residual dis-
ease following defi nitive surgery.  

Surveillance of Patients With Melanoma 
Following Definitive Therapy Who Are at High 
Risk for Recurrence 
Although the intrinsic biology of responsive low tumor burden re-
mains to be understood, one way to leverage lower tumor burden for 
optimal treatment response is to identify patients’ recurrences and 
metastases early through asymptomatic surveillance imaging. Th ere 
has been signifi cant debate over the role of surveillance imaging in 
patients with a history of melanoma but no radiographic evidence 
of active disease. Many early studies conducted prior to the mod-
ern era of therapy were unable to show meaningful OS benefi ts that 
justifi ed the costs of surveillance imaging.[40-43] However, some 
larger studies in the pre-immunotherapy era did identify a signifi -
cant subset of patients who could potentially benefi t from modern 

therapy for asymptomatic metastatic disease. In a large 2003 study, 
chest x-ray and visceral ultrasonography were not useful, but some 
patients underwent CT imaging (to confi rm suspicious fi ndings) or 
lymph node sonography, and the latter identifi ed 77% of detected 
recurrences at an early stage.[44] 

Other studies have suggested that patients, not imaging, are most 
likely to identify recurrences.[45-48] Many of these studies did not 
include standardized imaging as a part of surveillance, however, 
leaving detection primarily to the patient or clinical examination. 
Given current improvements in treatment outcomes in patients with 
lower tumor burden and recent adjuvant therapy advances, the goal 
of surveillance imaging should be to identify patients with asymp-
tomatic, minimal tumor burden that can be treated and is unlikely to 
be detected by the patient or through clinical examination. 

Recently, several studies have demonstrated that routine 
cross-sectional imaging can identify the majority of asymptomatic 
distant recurrences amenable to therapeutic intervention.[49-53] 
In a cohort of patients with resected stage II–IV melanoma treated 
at the National Cancer Institute in adjuvant immunotherapy trials, 
patients underwent standard CT-imaging follow-up at 6-month 
intervals during the fi rst 2 years and then annually.[51] Of the 466 
patients, 225 (48%) developed recurrence during the 5-year obser-
vation period. CT imaging identifi ed the majority (59%) of tumor 
recurrences, compared with physical examination (27%) or labora-
tory studies (14%). In patients with systemic recurrence, 75% were 
detected by CT imaging. Th is was the case regardless of patients’ 
stage at enrollment.  

Lead-time bias is a concern when interpreting results of surveil-
lance imaging. In diseases with slow progression, such as early-stage 
prostate cancer, lead-time bias can signifi cantly impact survival 
analysis. Melanoma, however, is a more aggressive disease than pros-
tate cancer. In a study of 1,969 patients undergoing melanoma sur-
veillance in the era before contemporary therapy, a factual gain was 
observed in survival time for the detection of metastasis in an early 
phase of development (based on tumor burden and/or potential for 
curative intent surgery) beyond lead time bias.[49] 

When considering routine surveillance imaging to facilitate early 
detection of small tumor burden, clinicians need to be selective for 
patients who have the highest risk of recurrence. What is consid-
ered high risk needs to be further clarifi ed, given that a subset of pa-
tients who will progress to metastatic melanoma are diagnosed with 
seemingly low-risk disease (by clinicopathologic staging) that does 
not currently qualify for surveillance imaging. Although loose sur-
veillance imaging guidelines are in place for patients with stage IIB/
IIC/III disease (consider imaging every 3–12 months, category 2B), 
there is no such recommendation for the majority of patients, name-
ly those with stage I and IIA disease. High-risk, early-stage (I–IA) 
melanoma remains an area with unmet clinical need. A recent study 
found that thin melanomas (< 2 mm) accounted for more than twice 
as many deaths from melanoma as thick (> 4 mm) melanomas in 
the 1990–2009 Queensland Cancer Registry. Similar fi ndings have 
been reported in the US SEER [Surveillance Epidemiology and End 
Result] database.[54,55] Expanding the role of disease monitoring 
in appropriate patients with early-stage melanoma may help detect 
occult metastatic disease prior to symptomatic recurrence. 

KEY POINTS

§ Contemporary melanoma therapies have signifi cantly im-
proved outcomes for patients in the adjuvant setting and for 
those with advanced disease.

§ Lower tumor burden is a clinical feature that has been associat-
ed with improved responses and survival outcomes across 
multiple therapies in melanoma.

§ Identifi cation of high-risk patients in order to provide appro-
priate surveillance to facilitate early detection of melanoma 
recurrences is important to leverage the benefi ts of lower 
tumor burden in treatment.
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Th e current AJCC staging guidelines (8th edition, 2017) note 
the relationship between accurate staging, contemporary melano-
ma treatment, and patient outcomes.[17] Th e guidelines propose 
that staging will continue to evolve to potentially incorporate other 
clinical, immune, and molecular features of the tumor. Th e use of 
molecular assays has contributed signifi cantly to risk stratifi cation 
in other cancers, including breast cancer, prostate cancer, and uveal 
melanoma, and have been recognized in national guidelines on the 
management of these diseases. Clinical application has been report-
ed of a molecular gene expression profi le test for cutaneous melano-
ma that has been both prospectively and independently validated 
for risk stratifi cation of stage I–III patients.[56-59] Given that the 
test can identify patients at highest risk of recurrent disease, it may 
become an option for stratifying observation intensity for stage I/
II patients and for making decisions regarding adjuvant therapies. 

It has been argued that routine imaging is not cost-eff ective be-
cause of a low detection rate, but studies have previously assumed 
that all patients should have routine imaging, without fi rst select-
ing those with high biological risk.[43,60,61] A 2014 study modeled 
with data from 1992 to 2007 at MD Anderson Cancer Center, which 
was limited to the identifi cation of surgically resectable recurrenc-
es,[60] could now be expanded, given the availability of better sys-
temic treatments. More recently, a prospective study in 290 stage 

IIB–IIIC patients showed that biannual CT scan and brain MRI for 
the fi rst 5 years aft er diagnosis identifi ed 84% of distant metastases, 
primarily in an asymptomatic state.[52] In a cost analysis of the same 
cohort, biannual CT scan was found to be cost-eff ective for stage 
IIB patients up to 3 years and up to 5 years for stage IIC/III patients 
based on incremental cost-eff ectiveness ratios.[62] Another consid-
eration with respect to the cost/benefi t ratio of early detection–iden-
tifi ed treatment-amenable disease is that end-of-life care has been 
estimated to constitute a substantial proportion of melanoma-re-
lated healthcare costs.[63] Given the long-term response durabili-
ty with newer therapies and the interaction of lower tumor burden 
with response, the paradigm of what is considered cost-eff ective care 
may be shift ing and is deserving of additional studies.  

Conclusions and Future Perspectives
In the era of modern immunotherapy and targeted therapy, patients 
have much greater odds of a successful outcome for the treatment of 
their disease. Median survival times are vastly improved over those 
of prior decades, and clinical trials off er great hope for even further 
therapeutic advances. Durable responses have been observed with 
targeted therapy and immunotherapy.[24,64] Of patients who com-
pleted 2 years of pembrolizumab, 86% had durable responses lasting 
almost 2 years aft er treatment discontinuation.[64] Despite these 

Table .  Summary of Tumor Burden Parameters Associated With Improved Response and Outcomes by      
Therapeutic Intervention 

Melanoma Therapy Studies Tumor Burden Conclusion/Threshold for Improved Benefi t

Regional Therapy

Talimogene laherparepvec Kaufman et al (2015)[21] Sum of products of lesion diameters < 14.5 cm2 (median

Isolated limb infusion Steinman et al (2014)[18] < 10 lesions, all ≤ 3 cm in diameter

Isolated limb perfusion Alexander et al (2010)[19] ≤ 20 lesions

Targeted Therapy

Dabrafenib + trametinib Longet al (2017, 2018)[22,24] < 3 involved organ sites, normal LDH

Schadendorf et al (2017)[23] < 3 involved organ sites, normal LDH, sum of lesion diameters < 66 
mm

Menzies et al (2014)[25] Median individual diameter ≤ 11 mm

Long et al (2017)[35] Subclinical disease

Vemurafenib Maio et al (2018)[65] Subclinical disease (stage IIC–IIIB)

Immunotherapy

Pembrolizumab Lyle et al (2014)[28] Individual metastases achieving CR are signifi cantly smaller

Khoja et al (2016)[29] Individual metastases achieving CR are signifi cantly smaller

Joseph et al (2018)[30] Baseline sum of lesion diameters (maximum 10) < 10.2 cm (median)

Ribas et al (2016)[31] Baseline sum of lesion diameters < 10.2 cm (median)

Robert et al (2018)[32] Highest CR rates in small tumors (< 5 cm)

Huang et al (2017)[33] Ki67/tumor burden ratio > 1.94

Eggermont et al (2018)[39] Subclinical disease

Ipilimumab Nishino et al (2014)[27]
Eggermont et al (2015)[37]

Sum of lesion diameters < 38 mm (median)
Subclinical disease

Nivolumab Weber et al (2017)[38] Subclinical disease

CR = complete response; LDH = lactate dehydrogenase.
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signifi cant advances, however, many patients still succumb to meta-
static disease. A greater understanding of the role of tumor burden 
as a modulating factor in the effi  cacy of antimelanoma therapy is 
important. It is apparent that the current available treatments have 
greater odds of effi  cacy in patients with a smaller, more-limited dis-
ease burden (Table). Whereas emerging evidence suggests that the 
balance between tumor burden and the amount of T-cell reinvigo-
ration plays a role in the anti–PD-1 response, the mechanistic rela-
tionship between tumor burden and response to other treatments 
remains to be fully elucidated. Additionally, a standardized means 
of measuring and reporting tumor burden could be useful to fur-
ther prospectively analyze the predictive role of tumor burden and 
to improve its utility across studies and in the clinic. Expansion of 
the role of molecular testing for risk stratifi cation may help identify 
subgroups of patients at highest risk for relapse and in need of high-
er-intensity surveillance, sparing many low-risk patients the need 
for surveillance. Taken together, the existing evidence on tumor bur-
den and treatment outcomes supports further exploration of tumor 
burden as a predictive factor for future clinical trials and potential 
consideration in clinical practice when evaluating therapy choice 
and discussing response expectations with individual patients.m
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